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INTRODUCTION 

This report is a compilation of papers on the environment in southeastern 
Lake Michigan in the vicinity of the Donald C. Cook Nuclear Plant. The papers 
cover the biological aspects studied as well as some of the physical character- 
istics of the lake in this area. 

The data used in this report have been gathered by staff members of the 
Great Lakes Research Division of the University of Michigan involved with the 
Cook Plant environmental monitoring project over the past years. The initial 
field investigations were begun in 1966, and the scope of the project increased 
until in 1973, 33 different field trips were made with a total duration of 105 
days. These field operations ranged from 1 to 8 days in duration and involved 
field crews ranging in number from 1 to 10 scientists. Table 1 summarizes the 
1973 field operation activities. 

In addition to the regular preoperational field surveys, preliminary en- 
trainment studies of plankton, fish larvae, and impinged fish commenced in 
January 1973. This preliminary work was undertaken to collect data which could 
aid in making the decisions as to equipment requirements and method adequacy, 
prior to the plant going on line. 

The study to date and this report required the efforts of many devoted 
personnel. We appreciate the tireless efforts of our research group, including 
M. Butler, C. Garcia, B. E. Hawkins, B. Higgins, L. C. Igras, E. M. Johnston, 
S. Kleinschmidt, S. Malosh, M. Omair, H. K. Soo, M. Wiley, S. B. Williams, M. 
Winnel, C. M. Zawacki and T. W. Zdeba, for their assistance in gathering, 
analysis and compilation of the data presented here. The typing of the manu- 
script by J. Farris, H. E. Ayers and J. Handyside cannot go unacknowledged. 
For assistance in editing the manuscript we thank M. N. Everett. To the Cook 
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Plant Construction and Operations staffs who assisted us in our field efforts, 
we are particularly thankful. The skill and patience of the captain and mate 
of the R/V MYSIS, F. Dunster and E. Wilson, must be acknowledged. 



PREOPERATIONAL DISTRIBUTION OF BENTHIC MACROINVERTEBRATES 
IN LAKE MICHIGAN NEAR THE COOK NUCLEAR POWER PLANT 

Samuel C. Mozley 

Abstract. A preoperational, multiseasonal study of zoobenthos near the Cook 
Nuclear Power Plant was initiated in July 1970 with the goal of determining 
the time-and-space-averaged effects of plant discharges on the ecology of 
near shore Lake Michigan. The present report covers data from 1972 and 1973 
field studies. The plant has not yet begun to generate electricity. 

Benthic macroinvertebrates in the nearshore areas of southeastern Lake 
Michigan are diverse and abundant, particularly lakeward of the 8 m depth 
contour, and numbers per unit area increase with increasing depth. Several 
species are characteristic of shallow, intermediate or deeper parts of the 
survey area. Some common species, especially Pontoporeia and Chironomidae 
larvae, show regular seasonal fluctuations. Chironomidae, Naididae, 
Hydracarina and Pontoporeia occur above bottom near shore, where they will be 
subject to entrainment into the power plant. Their occurrence appears to be 
seasonally restricted, however, to midsummer nights, and possibly to midwinter 
(for Mysis and breeding Pontoporeia) . 

Statistical ability to detect differences between mean total animals at 

two locations, or on two dates at one location, extends to differences no 

2 2 

smaller than several thousands per m between and 8 m depths and 20,000/m 

between 8 and 40 m depths. Year-to-year changes in the zoobenthos exemplified 
by early release of young Pontoporeia in 1973, appearance of large numbers of 
Naididae in 1973, and steady year-to-year increases in numbers of Tubificidae 
will make differences due to plant effects very difficult to detect. Broad 
variability also occurs in small areas on one date, leading to the aforemen- 
tioned low statistical sensitivity. Only massive changes in zoobenthos near 



the plant would be conclusively interpretable as due to plant effects. 

The condition of the benthic environment, judging from the composition 
and abundance of species assonblages, is moderately enriched and probably 
becoming more and more favorable to the deposit-feeding worms. 

INTRODUCTION 

ORIGIN OF THE COOK ZOOBENTHOS STUDY 

Under provisions of federal and state laws, each new electric power 
generating plant on the shores of the Great Lakes must show the environmental 
damage which may be done as a result of operation, before it can be licensed 
to discharge waste heat and materials. In addition, an environmental survey 
must be conducted through the first years after operation begins to determine 
whether any changes in the nearby environment or biota result from discharges. 
To support the evaluation of probable impact, and to fulfill part of the 
requirements for ecological surveys, the University of Michigan has been 
studying the aquatic plants and animals in southeastern Lake Michigan near 
the Donald C. Cook plant since 1967. A regular seasonal survey of benthic 
macroinvertebrates has been a part of those studies since July 1970. The 
benthic surveys, more than any other segment of the study, are intended to 
demonstrate any time-averaged spatial effects of discharges on processes 
which control the benthic environment, such as heating of the near-bottom 
water and sedimentation, through changes in numbers or kinds of bottom- 
living animals. 

REVIEW OF OTHER BENTHIC STUDIES IN SOUTHERN LAKE MICHIGAN 

When benthic surveys were begun, very little information was available 
on the kinds, numbers and spatial and seasonal abundance patterns of macro- 



invertebrates in bottoms near shore anywhere in Lake Michigan. Shelford (1913) 
outlined the qualitative characteristics of benthic depth zonation, mainly 
as a function of light and sedimentary conditions. The shallowest zone was 
defined by the depth to which waves moved sand, about 8 m. This band around 
the lake was said to be very heterogeneous due to the variety of substrates 
in it. "Eroding" bottoms of exposed bedrock, cobbles or boulders were inhab- 
ited mainly by large insect nymphs and Hyaletla. "Depositing" bottoms of 
shifting sand supported few or no animals out to 4 m; between 4 and 8 m the 
bottom was inhabited by Sphaevivm stviatinwn, a few midge larvae (Chironomidae) , 
and a snail, Lymnaea. The zone between depths of 8 and 25 m was delimited at 
the lower edge by the depth to which broad thermal fluctuations were believed 
to occur. The most abundant taxa were said to be Crangonyx^ Sphaerinmj 
Amnioo'lay Valvata and Lymnaea, plus oligochaetes, chironomids and leeches in 
the southern tip of the lake. The third zone (25-64 m) was defined by thermal 
fluctuations of 3°C or less, and was believed to be the shallowest zone in 
which Pontopore-ia and Mysis were common. The deeper limit was presumed to be 
controlled in some way by light penetration. 

Knowledge of present-day southern Lake Michigan benthic macroinvertebrates, 
outside of newly established monitoring programs at several power plants, is 
largely at higher taxonomic levels. The numerically dominant taxon is 
Amphipoda, followed by Oligochaeta, Sphaeriidae and Chironomidae in that 
order (Powers and Alley 1967; Robertson and Alley 1966). Near shore 
Gastropoda, Hirudinea, other Insecta and occasionally other Crustacea may be 
numerous. Total animals increase in number to depths of 30-50 m where they 
reach a maximum. Numbers then decrease with increasing depth. The relatively 
large opossum shrimp, Mysis veliota, is benthic during the daytime at depths 
to about 90 m but becomes planktonic at greater depths and at night (Powers 



and Robertson 1965) . It is usually rare near shore. 

The Amphipoda are almost entirely composed of the glacial relict species, 
Pontoporeia affinis. Pontoporeia follows the depth distribution pattern of 
total animals with maximum abundance at depths of 30-50 m (Alley 1968) . At 
depths less than 20 m, Pontopoveia matures in one year but requires two or 
more years at greater depths. Breeding occurs during the winter, and young 
are carried into spring in brood pouches of the females. Young are released 
at a size just under 2 mm long in late spring (Alley 1968). 

At depths less than 30 m, the second most abundant taxon is usually the 
Tubificidae (Oligochaeta) . These are composed of several species, especially 
LimnodriVus }ioffmeister>i, Potamofhcix motdavtensis, Petosootex fveyi^ P. feroXj 
and Tub'lfex tubi-fex^ with variable but usually small proportions of a variety 
of other LimnodriluSj AutodviluSj Petosootex and Potcmothrix species 
(Hiltunen 1967). The seasonal changes in numbers of Tubificidae species are 
not pronounced, but there appear to be larger population sizes in summer 
than in spring or fall (Hiltunen 1967). 

The lambriculid oligochaete, Stytodri-tus heringianus, is abundant at 
depths over 20 m (Hiltunen 1967; Mozley and Garcia 1972) and Naididae contrib- 
uted a small proportion inshore (Hiltunen 1967). Very near shore the 
Chironomidae make up most of the total animals (Truchan 1970; Mozley and 
Garcia 1972). They are also diverse, with important fractions in the genus 
Chironamus and other Chironomini and Tanytarsini. 

The Sphaeriidae are composed of two genera, Sphaevium and Pisidium. The 
former is represented mainly by three species, S. nitidunij, S. stvi-ati-num and 
S, oovnevm. The Pisidiim include at least 9 species, but the deep water 
form P. oonventus is easily the most abundant. P. oaseTtanum, P. henstowanum 
and P. littjeborgi are Important species of this genus in shallower water 



(Robertson 1967). 

The southern part of Lake Michigan shows definite indications of the 
early stages of eutrophication in shore areas, according to Hiltunen (1967) 
and Brinkhurst, Hamilton and Herrington (1968). The U. S. Department of the 
Interior (1968) believed that large areas of the southern end were heavily 
polluted. This judgment was based on inadequate criteria, however, and 
although indications of eutrophication do exist, several species typical of 
oligotrophic conditions still thrive in offshore benthic habitats (Mozley and 
Alley 1973). 

The effects of substratal composition on zoobenthic populations were 
revievred by Mozley and Alley (1973), In general the dominant taxa are rarer 
in coarse, sandy sediments than in finer sands and silts. The most numerous 
organism, Pontopove-Cai shows a preference for silts and silty fine sands 
(Henson 1970; Mozley and Alley 1973). Ollgochaeta reach largest population 
sizes in silts (Mozley and Alley 1973). The benthos of larger cobbles, 
bouldexs, bedrock, pilings and other solid substrata cannot be sampled by 
grabs and have a very different taxonomic composition. Criaotopus 
(Chironomidae Orthocladiinae), Gammarus (Mphipoda) and Naididae (Oligochaeta) 
are the dominant forms (Bocsor and Judd 1972). 

Thermal influences on Great Lakes zoobenthos are very poorly understood. 
Cextain species do not inhabit the warmer, shallower depths in embayments, 
harbors or near shore, such as Stylodvilus hevingianuSj Mysis reliotay 
Sphaerium nitidum and Pisidium oonventus. Pontoporeia affinis is often 
listed with these, but it has been collected in harbors and river mouths 
which are not severaly polluted (e.g. , Willson 1969) and at water temperatures 
above ZO'C in Lake Michigan (Alley and Mozley, in manuscript). Along gradual 
slopes, the change in temperature is correlated with other environmental 



changes such as distance from shore and fineness of sediment grain size. 
Truchan (1970) studied a thermal plume in the surf zone of Lake Michigan and 
found larger quantities of detached Cladophora and Chironomidae there than 
in reference areas. However, the thermal effects were confounded with other 
effects, since the heated water was drawn from a small lake behind the beach 
rather than Lake Michigan itself. GammaruSj Asellus, Chironomidae and 
Ephemeroptera replace Pontopox'e'ta in shallow embayments which are not severely 
polluted. It is not possible to distinguish temperature from many other 
environmental influences in available field data, so the nature of changes 
which might result from thermal effluents cannot be predicted. Thermal 
tolerance studies on Pontoporeia in the laboratory (Smith 1972) indicate 
upper lethal temperatures which are unrealisticly low when compared with field 
observations (Alley and Mozley, in manuscript) . 

Fish consume at least certain zoobenthos in major quantities. The large 
size classes of the alewives feed on FontopoToi-a in Lake Michigan (Morsell 
and Norden 1968), as do young lake trout (Van Oosten and Deason 1938), bloaters 
(Wells and Beeton 1963), and whitefish (Ward 1896). Smelt feed heavily on 
Mysis reliata (Greaser 1929). Yellow perch in Saginaw Bay prefer insects, 
amphipods, crayfish, fish and zooplankton, with larger perch eating larger 
prey. The yellow perch diet varied according to prey availability (Tharratt 
1959). Diets of other species of fish are less well known in the Great Lakes, 
but suckers, burbot, carp, spottail shiners and sculpins are all likely to 
exploit zoobenthos as a major food resource. 

Knowledge of zoobenthos in Lake Michigan at the higher taxonomic levels, 
and in regard to offshore depth distribution and major regional trends in 
species composition of Tubificidae and abundance and life cycle of 
Pontoporeia affinis is relatively extensive. Its composition in species 
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cannot be predicted in detail for any particular area of the near shore bottoms 
however, and practically nothing is known about the food-web interactions of 
benthlc invertebrates with primary producers. The seasonal djmamics of 
abundance are not known for any species within the first several kilometers 
from shore, and available data in the nearshore habitats are insufficient 
for estimates of the year-to-year variations or sampling error. 

BENTHOS AND POLLUTION IN THE GREAT LAKES 

Benthic macroinvertebrates are often chosen as the primary object of 
environmental quality assessments. Usual rationale includes the relative 
stability of zoobenthic distributions in space and time when compared to 
plankton, fish or water chemistry. Benthos presumably record the effects of 
transient, harmful events in their species composition for some weeks or 
months afterwards. Thus the time-simmied effects of a pollutant from a local- 
ized source will be reflected in the spatial patterns of macroinvertebrate 
populations in the receiving area. Subsidiary advantages include the relative 
ease of obtaining repeatable kinds of samples, and less requirements for 
expensive analytical apparatus and long-term continuous or very frequent 
measuranents in the receiving area (Hjmes 1960) . 

Recently many environmental assessment studies have been summarized in 
one foirm or another of species diversity index. This approach is predicated 
on the need for condensation of large amounts of data into a single parameter 
which can be utilized in models of pollutional effects (,e.g. Hydroscience, Inc. 
1972) and on the assertion that pollution effects of many types cause a similar 
change (i. g. a decrease) in the index. The theoretical reasoning behind such 
indices is discussed at length by Sanders (1968) and MacArthur (1960), and 
their widespread use in water quality assessment was stimulated by Wilhm and 
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Dorris (1968). Their usefulness in the Great Lakes, however, has not yet 
been established. Indeed, many arguments can be marshalled against use of 
the most popular types of indices (Mozley 1973b). The strongest one is that 
species diversity indices for Great Lakes benthic collections are naturally 
low because of the dominance of Ponto'poTeia affinis and tend to increase (at 
least initially) with increasing pollution as the proportions of pollution- 
tolerant Tubificidae increase in the benthos. Therefore species diversity 
indices cannot be used as linear measures of environmental quality and must 
be supported by details of species identities and relative abundances for 
proper interpretation. The advantage of brevity is then lost and there is 
little point in adding the mathematical complexity of such indices. 

Environmental monitoring programs which include studies of the benthic 
aquatic organisms have been pursued since the early part of this century 
(Kolkwitz and Marsson 1909). Specific objectives of such studies have 
never been precisely designated, however. The great majority have focussed 
on the numbers and specific kinds of macroinvertebrates collected by a 
particular sampling device or artificial substratum, and the import of 
resulting data has been assessed by more or less experienced biologists 
through comparison with similar kinds of measurements in obviously polluted 
or presumably undisturbed environments. In streams this approach has, on the 
whole, been very useful (Hynes 1960). In the Great Lakes it has been applied 
to show temporal changes in shallow basins (Howmiller and Beeton 1971; Britt 
1955; Carr and Hiltunen 1965) and the main basin of Lake Michigan (Robertson 
and Alley 1966). It has also proven useful in defining the spatial extent 
and degree of generalized pollutional influences in a variety of Great Lakes 
basins and habitats (Cook and Powers 1964; Brinkhurst 1967, 1969; Hiltunen 
1967, 1969; Johnson and Matheson 1968; Veal and Osmond 1968; Schneider, 



12 



Hooper and Beeton 1969; Alley and Powers 1970; Howralller and Beeton 1970, 1971; 
Kinney 1972; Mozley and Alley 1973). Generalizations about environmental quality 
can be derived from the species composition and abundance of Tubificidae (Brink- 
hurst 1969; Mozley and Alley 1973) and Chlronomidae (Brinkhurst, Hamilton and 
Herrington 1968). The decline of Ephemeroptera (Carr and Hiltunen 1965; Britt 
1955) or Amphipoda (Cook and Powers (1964) also appears to result from increasing 
pollution. These and other taxa have changed in Green Bay as pollution has in- 
creased! (Howmiller and Beeton 1971). In a few cases ccmparison of species level 
assessments with those based on the abundances of higher taxa such as Oligochaeta 
or Amphipoda has shown that extreme pollution may not require lower level ident- 
ification to demonstrate its regional influences (see review in Mozley and Alley 
1973). With the exception of Robertson and Alley (1966) no one has attempted to 
apply statistical tests to numerical zoobenthic data to distinguish more polluted 
from less polluted situations. As a result the interpretations of indications 
of pollution have been essentially qualitative and subjective. 

With the Increasing public attention to potential influences of large 
power generating facilities on aquatic environments, there has arisen a new 
need for sampling designs which will enable objective discrimination between 
normal variations in zoobenthic species assemblages and various scarcely 
predictable effects of power plants on these assemblages. This shift from a 
■posteriori detection of long-term massive effects of industrial and dranestic 
wastes from large urban centers on relatively broad regions of the lakes or semi- 
enclosed, shallow basins, to a priori programs for detection of possibly local- 
ized and more subtle, early effects of heated water on smaller unenclosed 
shore areas of large basins has raised not a few major challenges for benthic 
ecologists. We cannot reasonably expect to see massive shifts in species bal- 
ances or jumps of several orders of magnitude in numbers of zoobenthos 
which would make detection straightforward. Rather, the biggest challenge is 
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to determine the relative contributions of sampling error, geographical 
gradients, seasonal fluctuations and year-to-year variability to the variabil- 
ity of natural populations, and from this, to design programs which will 
support statistical tests of suspected effects of a power plant. A second 
challenge is to accumulate sufficient knowledge of the functional interactions 
between environment and animals in the relatively little-studied habitat to 
enable a causal analysis of any changes in numbers of zoobenthos which might 
be detected. While segments of the necessary background information are 
available in the literature, there is a strong need for on-site studies of 
species population dynamics and seasonal changes in the composition of benthlc 
species assemblages at each plant. 

GOALS OF THE STUDY OF BENTHIC ORGANISMS 

The objectives of benthic collections near the Cook Plant have expanded 
and intensified steadily since the beginning of the survey in 1967. At first, 
the major taxa of benthic macroinvertebrates were measured once at each site, 
and contour maps were draim to show the principal features of abundance and 
composition in the area (Ayers and Huang 1968) . The early surveys were re- 
stricted to areas with depths of 10.2 m (35 ft) or less. In 1970, the survey 
was expanded to include depths as great as 40 m and placed on a seasonal 
schedule with collections in July, September, November and April of each 
year. In 1972, "short surveys" of the benthos on a transect extending lake- 
ward from the plant were added, and in July the major survey design was 
changed to support more elaborate statistical analysis. In 1973, benthos 
collections from the intake forebay, fish larvae samples and fish trawls 
were added to the program. Through all these expansions and additions, the 
primary goal has remained the same: to obtain as thorough a description of 
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the preoperational zoobenthos populations as appeared necessary to assess the 
effects of the power plant. Additions to the study have been made partly in 
answer to several reassessments of the importance of data about the benthos by 
regulatory agencies, and partly because of experience gained in the earlier 
surveys. 

The results of these studies have been expressed as lists of species 
found {e.g. Mozley 1973b) and as tables and figures showing relative and 
absolute numbers per unit area of each ta:icon, either over the entire area or 
within a series of depth zones with more homogeneous species assemblages 
(Mozley and Garcia 1972). Analysis of variance showed significant effects of 
depth zonation on benthos distributions (Mozley 1973a). The indications of 
environmental quality shown by the benthos were discussed by Mozley and Garcia 
(1972). As more data have accumulated and attention has shifted from explor- 
ation of the composition and seasonality of zoobenthos species assemblages to 
detection of effects the power plant may have, analysis has focussed on the 
inner-outer comparisons and analysis of variance described by Johnson (1973). 
All data so far have been in the form of numbers of individuals, rather than 
biomass or more dynamic measures such as turnover rates or gross secondary 
production. 

Certain species have received additional attention, especially the 
amphipod Pontoporeia af finis. The changes in population body-size and repro- 
ductive conditions through the months from April to November have revealed 
the annual cycle of growth and reproduction, and have shown that these differ 
at different depths (Mozley 1973a). Similar data describe the life cycles 
of Chironomidae. These midgeflles reproduce about once each year, but at 
different times for different species, so that the apparent species composition 
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of ChironcHnidae larvae in the lake changes from month to month (Mozley 1973a). 

These various types of data will enable detection of major changes in the 
timing of the reproductive cycles, population sizes and composition of the 
species assemblages which may occur after plant operation. The sensitivity of 
detection has previously been uncertain, but in this report calculations are 
included to indicate the magnitude of changes which must occur before they will 
become statistically demonstrable. 

Two kinds of comparative tests can be used in detection of change: 
comparison with earlier data at stations near the plant, and comparison with 
simultaneous data collected at reference stations about 8-11 km to the north 
and to the south of the plant site. 

Other goals of the benthos survey include determination of whether unique 
and vulnerable species or species assemblages occur in the area potentially 
affected by the plant, and whether the local benthos are unusually important 
resources for support of fish populations or other aesthetically or economically 
valuable features of Lake Michigan. The specific responses of zoobenthos to 
thermal effluents under laboratory conditions have not been studied. The 
importance of benthic organisms as a forage base for the more abundant fish 
species is the subject of a recently initiated, stomach-analysis study. 

This report covers benthic data collected in 1972 and 1973. It is 
divided into several topics, or separate studies. The April 1972 survey, 
which was conducted on the first type of regular station grid, is presented 
separately in the same format as that employed for the 1972 annual report on 
benthos (Mozley 1974). A technical change in sampling devices is tested for 
effects on estimates of kinds and numbers of zoobenthos. The magnitude of 
change which can be detected at the .95 power level (one minus the probability 



16 



of concluding that there was no change when, in fact, there was a change; or 
Type II error) with different numbers of replicate grab casts is illustrated 
for total animals. The major and short survey data from July 1972 through 
August 1973 are presented in a descriptive fashion; more elaborate statistical 
analysis is underway, but not far enough along to report. The broad spatial 
and seasonal scope of these studies since 1970 is summarized in graphs to 
show the preoperational differences between reference regions and the region 
near the plant, and the monthly and yearly changes in numbers of total animals 
and major taxa. Finally, the first six months' data on benthic organisms 
occurring in fish larvae tows are presented as an initial indication of 
potential benthos entrainment. Although this report is in many ways only one 
of a continuing series of survey summaries, it also presents the most compre- 
hensive consideration of the ecology of nearshore benthic macroinvertebrates 
available for the Great Lakes. 

METHODS AND MATERIALS 

The field methods employed in the Cook Plant benthic surveys since 1970, 
both equipment and design, have evolved along with the expansion of goals of 
the surveys and the demands for precision of quantitative estimates. In 1970- 
71, one observation with the ponar grab was taken at each of 46 stations dis.^ 
tributed in an approximately radial grid centered on the plant site in April, 
July, September and November. In 1972 and 1973, three or five casts were 
taken with whole or l/3-si2ed ponar grabs at 36 stations distributed at 
random within 4 depth zones along three 3.2-km wide transects from the beach 
to 40 m of depth for a total of 126 observations in April, July and October; 
and triplicate observations were taken at up to 9 stations along a transect 
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beginning at the plant and extending to a depth of about 40 m in the months of 
May, June, August and September, and in November when weather permitted. 

The first radial grid is shown in Figure 1 with the later short-survey 
stations encircled. The second, systematic-random survey design is exemplified 
by the July 1973 station map shown in Figure 2. The first survey grid was 
determined by distances (in miles) from the beach and the plant site. The 
second grid was determined in transect width and alongshore location by 
distance from the plant, but in offshore location by random selection of sites 
within 4 zones defined approximately by the beach and depths of 8, 16, 24, and 
40 m. Three stations were placed in each zone and region (N, S or D) . 

Stations in zone (0-8 m depths) were sampled in quinttlplicate with 
full-sized ponar grabs, both because of variability in zoobenthos and substrates 
and because so few animals were collected by a single cast. In other zones, 
3 casts of the triplex ponar (see following section and Mozley and Chapelsky 
1973) were taken at each station and 1/3 of each cast was kept as an observa- 
tion. On short (9-station) surveys (Fig. 1) 3 full-sized ponar casts were 
collected at each station in 1972, then in 1973 the 1/3-sized casts were 
substituted at all stations except DC-0. On the September 1973 survey, full- 
sized casts were made at DC-0, NDC-.5-1, and SDC-.5-1, i.e. , those stations 
in zone 0, and 1/3-sized casts at the remainder. The changes in surface areas 
of observations on the various surveys are reflected in the factors which 
were applied to counts from single observations to convert them to numbers 
per m^ (Table 1) . 

The treatment of materials from ponar casts remained identical through- 
out the survey. When casts contained major proportions of sand grains more 
than 0.5 mm in diameter they were stirred vigorously with a jet of water from 
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FIGURE 1. The radial grid of sampling stations centered on the Cook 
Plant (DC), with depths contoured in meters. " Transect numbers are 
designated at the shoreline. Stations were numbered sequentially 
outward from the shore on each transect. Short survey are encircled. 
The empty circle at the Cook Plant is station DC-0, which was not 
sampled on major surveys. WDSP = Warren Dunes State Park, GML = 
Grand Marais Lakes. 
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FIGURE 2. Station locations in the systematic-random benthlc survey of July 1973. The letter 
for each station Identifies the region (N " north reference, D - Cook Plant, S - south reference) 
and the first numeral Indicates the benthlc depth zone. WDSP - Warren Dunes State Park, GML - 
Grand Marala Lakes; DC - Cook Plant. 
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TABLE 1. Conversion factors for number per grab cast to number per m^ (C.F.)» 
number of casts per observation (X), number of observations per station (# 
Rep.), number of stations (# Sta.), and version of ponar grab sampler used, by 
survey and benthic depth zones through the Cook zoobenthos surveys. 



Survey(s) 



Station(s) 
or zone(s) 



C.F. X # Rep. # Sta. Ponar version 



1970 (all) 


all 


1971 (all) 


all 


1972 April 


all 


1972 Mxiy 
June 
August 
September 
November 


all 


1972 July 

October 





July 
October 


1-3 


1973 Maiy 
June 
August 


DC-0 


May 

June 

August 


all 
other 
stations 



1973 September 



September 1-3 



1973 April 




July 





October 




April 




July 


1-3 


October 





9.07 2 1 

18.13 1 1 

18.13 1 1 

20.4 1 3 



20.4 1 5 

60.6 1/3 3 

20.4 1 3 

60.6 1/3 3 

20.4 1 5 

60.6 1/3 3 

20.4 1 5 

60.6 1/3 3 



<46 Old standard 

<46 Old standard 

45 Old standard 



< 9 New standard (fine top 
screen) 



9 New standard (fine top 
screen) 



27 Triplex-center chamber 



1 New standard (fine top 
screen until August) 



Triplex-center chamber 
until August then side 
chamber 

Triplex-whole grab, or 
new standard 

Triplex-side chamber 



9 Triplex-whole grab or 
new standard 



27 Triplex-side chamber 
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a hose in a funnel-shaped tub, after which animals and finer sediments were 
decanted onto a 0.5 nm-mesh screen (openings 0.5 x 0.5 mm). Most of the 
coarser material remained in the tub and was discarded after it had been 
rinsed several times to remove all animals. If little or no sand in the larger 
grain sizes was present, the entire contents of the grab were washed on the 
0.5 mm screen. Screen residues were preserved in carbonate-buffered formalin. 

In the laboratory, animals were picked from the residue, counted into taxa 
which were distinguishable without use of a compound microscope and transferred 
to fresh, buffered formalin. The skill of technicians who sorted the samples 
increased beginning with the May 1972 survey, and several distinctions which 
had not been made previously were begun. The Oligochaeta were separated into 
Stytodrilus hepi-ngianuSj, Tubificidae and Naididae (with a possibility that 
some Figuetella miohiganensis might be mistaken for Tubificidae). Sphaeriidae 
were separated into species of Sphaerium and the combined Pisidium species. 
Pontoporeia was sorted into size categories or if mature, into reproductive 
categories, as follows: length < 3 mm, 3-4.9 mm, 5-7 mm, > 7 mm; mature - 
gravid females, spent females, males of the "fitiaornis" type and males of the 
"bx'eviaornis" type (both types of males were extremely rare). Gastropoda 
were separated into pulmonates (mostly Lymnaea) and operculates (mostly 
Vatvata) . 

Most earlier surveys have now been reexamined for more detailed identifi- 
cation. Earlier reports covered the species composition of samples from 
July and November 1970 and April, July and November 1971 (Mozley 1974). 
The reexamination entailed the use of compound microscopes and led to revisions 
in the counts for several taxa, especially Oligochaeta. The references used 
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In Ide-ntif icatlon of benthic animals have been cited earlier (Mozley 1974). 
Except in cases when Tubificidae, Naididae and Chironomidae have been 
mounted on temporary slides for species level identification, all materials 
collected in the Cook benthic surveys are being kept in storage. Permanent 
slides are being kept for each different species encountered in the above 
mentioned groups, which are otherwise discarded after identification from 
temporary mounts. 

RESULTS 

SPECIES LIST FOR MACROINVERTEBRATES 

This report includes several sources for the addition of new species 
to the record from the vicinity of the Cook Plant in Lake Michigan. Detailed 
identification of materials from the April 1972 survey is covered below. 
Some of the many species of macroinvertebrates added as a result of studies 
of fish larvae tows are discussed below. The third source was materials 
collected in fishing trawls at depths of 6, 9 and 21 m. Each species in 
Table 2 is annotated as to whether it is reported for the first time in this 
list, and in which types of samples it has occurred. 

Several taxa remain at higher classification levels than genus or species. 
In those cases, more than one species may be present in each taxon, and 
further identification will continue as time permits. Chironomidae, and 
occasionally other groups, are not positively identifiable in the immature 
(larval) state. To denote the uncertainty of larval identification, the 
qualifier "cfr." is added between generic and specific names. When several 
species may have been observed in any taxon, but not recorded separately, this 
is signified by the abbreviation for species, plural "spp.". 
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TABLE 2. Benthic macrolnvertebrates identified from collections at the Cook 
Power Plant through 1973. 



Name 



Grab 
sampler 



Fish 

larvae 

tow 



Bottom 
trawl 



Coelenterata 






Hydridae 


X 


X 


Nematoda 


X 




Oligochaeta 






Naididae 






Amphiohaeixc teydigii 




X 


Chaetogaster diaphanus 


X 


X 


Chaetogastep diastpophus 




X 


Nais pofdalis 


X 


X 


Ophidonais serpentina 


X 


X 


Parana-is simplex 


X 




Paranais tittoralis 




X 


Paranais friSi 




X 


Pristina tongiseta 


X 




Pigue teZta mia higanensis 


X 


X 


Stylaria laoustris 


X 


X 


Unainais uneinata 


X 


X 


Vejdovskyetla intermedia 




X 


Tubificidae 






Aulodrilus pigueti 


X 




AulodriZus pturiseta 


X 


X 


Linmodrilus angustipenis 


X 




Limnodrilus hoffmeisteri 


X 




Limnodrilus spiralis 


X 




LinmodriVus oervix 


X 




Limnodrilus profundioola 


X 




Limnodrilus alaparedeianus 


X 




Peloseolex freyi 


X 




Peloscolex variegatus 


X 




Pelosoolex multisetosus 


X 


X 


Pelosaolex superiorensis 


X 




Potamothrix moldaviensis 


X 




Potamothrix vejdovskyi 


X 




Potamothrix bedoti 


X 




Tubifex tubifex 


X 




Ltmbr icul idae 






Stylodrilus heringianus 


X 




Hirudinea 






Glosslphoniidae 






Eelobdella stagnalis 


X 


X 


Eelobdella elongata 


X 




Glossivhonia oumulanata 


X 





X 
X 
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TABLE 2 cont. 



Name 



Grab 


Fish 


Bottom 


sampler 


larvae 
tow 


trawl 



Erpobdellidae 
Nephelopsis obsoura 



Crustacea 






Cladocera 






Eupyoeraus lamellatus 


X 


X 


Harpacticoidea 






Canthooamptus cfr. Tobertookevi 


X 


X 


Ostracoda 


X 


X 


Mysldacea 






My sis veliata 


X 


X 


Amphlpoda 






Fontopoveia af finis 


X 


X 


Gcawicupus sp . 


X 




Decapoda 






Ovooneotes sp. 






Arachnoidea 






Hydracarina 


X 




Hygrobates longipalpis 




X 


Fiona rotunda 




X 


Fiona sp. 




X 


Libevtia sp. 




X 


Insecta 






Eph'Emer op t era 






Heptagenildae 






Stenonema sp. 




X 


Caenidae 






Tvioovythodes sp. 


X 




Hemiptera 






Corlxidae 




X 


Trlchoptera 






Hydroptilidae 






Hydroptila sp. 




X 


Coleoptera 






Dytlscidae 




X 


Elmidae 




X 


Diptera 






Ceratopogonidae 






Falpomyia sp. 


X 




Cutiooides sp. 


X 




Chaoborldae 






Chanbovus punotipennis 




X 



X 
X 
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TABLE 2 cont. 



Name 



Grab 


Fish 


sampler 


larvae 




tow 


X 


X 


X 


X 


X 




X 


X 


X 


X 


X 




X 




X 




X 


X 


X 


X 


X 


X 


X 


X 



Bottom 
trawl 



Chironomidae 

Chironomus fluviatllis-group 
Chiroriomus anthr acinus-group 

(includes "halophilus-group") 

Kiefferulus sp. 

Oryptoehb^oncmus sp. 1 

CryptoeMvonomis sp. 2 

Oyptoohironomus sp. 3 

Cvyptoohironomus sp. 4 

Demiofyptoohiponomus cfr. vutneratus 

Pccraotadopelma cfr. obsoura 

Fajcaoladopelma tylus 

Paraoladopelma cfr. volti 

Paraohironomus cfr. demeijevei 

Eccpnischia spp. 

Glyptotendipes spp. 

Phaenopseotva (Phaenopseotva) sp- 

Diovotendipes cfr. modestus 

Stictoohivonomus sp. 

Potyped'iVum cfr. scalaemm 

PotypediVim sp. 2 

Potypedilvm fallax-group 

Tany tarsus sp. 2 

Cladotanytarsus sp. 2 

Cladotany tarsus sp. 3 

Miopopseotva sp. 2 

Rheotany tarsus sp. 

Heterotrissooladius cfr. subpitosus 

Heterotrissooladi-us cfr. grimsham. 

Pseotroetadius cfr. simulans 

Pseotroaladius sp. 3 (of Roback) 

Pseotroetadius sp. 1 

Di-plooladius spp. 

Cricotopus cfr. sytvestris 

Monodiamesa tuberautata 

Potthastia cfr. longimanus 

Proaladi.us sp. 

Conohapetopia spp. 
Simuliidae 

Simuti-um sp. 
Tipulidae 

Tipula sp. 



X 
X 
X 
X 

X 
X 
X 



X 
X 
X 



X 
X 
X 
X 



X 

X 
X 
X 

X 
X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 

X 

X 

X 



Gastropoda 

Pr o sobranchia 
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TABLE 2 cont. 



Name 



Grab 


Fish 


Bottom 


sampler 


larvae 
tow 


trawl 


X 




X 


X 






X 






X 






X 




X 


X 




X 



Valvatidae 

Valvata sinaera 
Bulimidae 

Bulimus sp. 
iSmnicolidae 

Amniaola spp. 

Somatogypus subglobosus 
Pulmonata 
Lymnaeldae 

Lynmaea spp. 
Physidae 

Physa sp. 



Pelecypoda 

Sphaeriidae 

Sphaerium nitidum 
Sphaeritm stx'iatinum 
Sphaerium transversion 
Sphaevtvm seauris 
Sphaerium aorneum 
P-isidium spp. 



X 
X 
X 
X 
X 
X 



X 
X 



Acanthocephala (free in sample) 



X 



Platyhelminthes 
Turbellaria 



X 
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The hydras were not well preserved in our methodology and may be lost 
during collection. They were rare in grab samples and fish larvae tows. 
Nematoda were certainly under sampled, but sometimes they were very abundant 
in grab samples. Most Naididae were found in fish larvae tows, indicating 
their proclivity as a group toward swimming. Their comparative rarity in 
grab samples was possibly due to their small size and delicate structure, 
which would cause them to be destroyed or washed away in the screening process. 
Most other Annelida were large enough to be retained by the screens (unless 
they actively crawled through the mesh) at least in mature size ranges. 
Copepods, ostracods, and cladocerans were small enough to escape. Little 
effort has been expended to count or identify them so far, and several (addi- 
tional) species may be present in each group at the Cook Plant. Trawling 
captured crayfish (Ore oneates), while the grab did not, because of their 
rarity and ability to avoid grab samplers. Many of the insects were detected 
only in fish larvae tows, partly because that method samples a much larger 
amount of habitat, and partly because some of them prefer solid substrates 
and would be rare or absent from bottom types which were sampled with grabs. 
Water mites and Chaohorus are probably planktonic most of the time. Mollusca 
of solid substrata may not be completely sampled yet, since they do not swim 
or become suspended in the water coltmin, and no sampling of solid substrates 
{e.g. , rip-rap) has been conducted at the Cook Plant. Snails, especially, 
can be expected to be abundant and diverse on solid substrates. Notwithstand- 
ing the large increase in recorded species over the last report, further large 
increases in this number could doubtless be achieved by identification of 
material in storage and addition of other sampling procedures. 

GRAB COMPARISON TESTS: SAMPLING EFFECTIVENESS OF THE TRIPLEX PONAR 

Use of a modified version of the standard ponar grab-sampler was instituted 
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simultaneously with the systematic-random survey design in July 1972. This 
version has three internal chambers with independent access, so that collec- 
tions from as little as one-third the cross-sectional area of the usual ponar 
grab could be made when total animal abundances were high (Fig. 3, Mozley and 
Chapelsky 1973). By reducing the surface area of each observation, it was 
possible to take more individual observations with no increase in laboratory 
sorting time. 

In the past, different types of grab-samplers have been found to produce 
very different estimates of zoobenthic population sizes (Flannagan 1970), so 
it was necessary to compare the standard ponar grab-sampler used before July 
1972 with the triplex version to see if there were systematic differences in 
number of animals collected. The internal chambers, although of equal cross- 
sectional area, might conceivably differ in efficiency among themselves as 
well. Tests were conducted on 23 April 1973, with three versions of the 
ponar (the triplex, the standard model for earlier Cook surveys, and the 
commercial model used by other investigators) to find out what differences, 
if any, existed among the grabs in ability to collect zoobenthos. 

Two kinds of tests were conducted. First, tests were made of the differ- 
ences among numbers of zoobenthic animals per grab cast for the three versions, 
with the three triplex chambers from each cast summed for a single observa- 
tion. Ten casts of each version of grab were made in cyclical alternation 
as the ship drifted slowly across the station. The ship returned to the up- 
wind side of the station after 10 and 20 casts. Two stations were sampled in 
this way, SDC-.5-1 (5 m deep) and DC-4 (22 m deep). Each cast or chamber of 
the triplex was processed in exactly the Siame way as regular suirvey collections. 
The second kind of test was a comparison of the side chambers (20 observations 
from 10 casts) versus the center chambers (10 observations from 10 casts) of 
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cc 



FIGURE 3. Triplex version of the ponar grab sampler with jaws 
shut and one side door open. CC = center chamber, SC = side 
chamber (from Mozley and Chapelsky 1973). 
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the triplex version at each station. The extensive replication produced in the 
course of this study was also useful in predicting the levels of precision of 
estimates of the mean which can be achieved for various taxa with the usual 
number of replicates. 

Table 3 lists some structural differences among the three versions of 
ponar. The cross-sectional surface area, or surface area of bottom which is 



TABLE 3. Dimensions and weights of the standard Great Lakes Research Division, 
commercial and triplex versions of the ponar grab-samplers. 



Grab Jaw Jaw Sampled „ Hinge Weight 

spread (cm) width (cm) area (cm ) height (cm) (kg) 



Standard 20.5 
Commercial 22.3 
Triplex: 21.0 



23.6 


485 


7.8 


16.3 


23.2 


515 


11.2 


19.4 


23.6 


495 


7.8 


18.4 



* 

Suspended by handle with trigger engaged. 



enclosed in a cast of the grab, is difficult to measure precisely because of 
a slight spreading of the jaws which can occur when the open grab contacts 
bottom. A difference of 1-2% in surface area estimate can arise from measure- 
ment of the width of the grab from the inner side, center of the edge, or 
outer side of the jaw plates and guard plates. Therefore, differences in 
entrapped area between the standard and triplex versions are considered negli- 
gible, while a correction factor of 5% has been applied to data from the com- 
mercial version so that numbers per grab cast are equivalent for the commer- 
cial version and the other two. After conclusion of the experiment, it was 
discovered that the standard version had been fitted by mistake with a finer 
screen than the triplex (0.35 mm vs. 0.5 mia) . The commercial version was 
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fitted with a #30 mesh screen (0.57 mm). The commercial version was heaviest 
and the standard version the lightest. Also, the commercial version had an 
opening large enough to allow individuals of most taxa of zoobenthos to 
escape at the top of the guard plates and below the hinge when the grab was 
cocked open. 

Cast volumes in the sandy substrates of the two stations were relatively 
small (Table 4). Analysis of variance of the mean volumes for the three 



TABLE 4. Volumes of sand collected by the three versions of the ponar grab 
at two stations, expressed in milliliters. Each mean and standard error 
represents 10 observations. Lines under means connect values not significantly 
different (see text for test description). 



Station Commercial Ponar version Standard 

triplex 

SDC-.5-1 (5 m) 918 t 76 965 t 131 1147 t 99 

DC-4 (22 m) 586 + 58 711 + 20 827 t 95 



versions (volumes of three chcambers combined for each cast of the triplex) 
revealed no significant differences among versions at station SDC-.5-1, but 
at DC-4 the F-ratio was significant at the .025 level. Tukey's "W-method" 
for testing differences among mean volumes indicated that the standard version 
collected significantly (P<.05) more sediment than the commercial version, but 
the triplex was intermediate between the two and not significantly different 
from either. This was surprising, since the standard version was the lightest 
and the commercial version the heaviest of the three grabs. The jaws' edges 
were thicker and blunter in the commercial version and may have bitten less 
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effectively than those of the standard version. Perhaps the finer screen on 
the standard version retained the fine sand at station DC-4 better than the 
coarser screens on the other two versions during retrieval from the bottom. 
As will be shown below, the means of total animals and several separate taxa 
collected by the commercial version were larger (but not significantly 
different) from those collected by the standard version, so the greater sed- 
iment volimie collected by the latter did not yield larger numbers of zoobenthos. 

Before the sediment collected by the grabs was sieved for zoobenthos, its 
overall grain size and visible characteristics were described and recorded by 
E. Seibel. The shallow station (SDC-.5-1) yielded two principal categories 
of sediments, "fine sands" and "mediimi- to-coarse sands." Division of obser- 
vations regardless of version of ponar into these two categories revealed no 
significant difference (t-test) among means of total animals. At DC-4 all 
sediments were described as "silty fine sand." 

Table 5 shows means and standard errors of total animals and the more 
abundant taxa of zoobenthos obtained in the comparison experiment at both 
stations. The triplex version always collected a higher mean number of 
animals regardless of station or taxon. At station SDC-,5-1, the analysis of 
variance of total animals showed significant (P<.05) variance contribution due 
to ponar version and the triplex mean significantly larger (P<.05) than the 
standard version mean as determined by Tukey's "W-method" for least signifi- 
cant range (a posteriori comparison). The commercial version was intermediate 
between the other two in total animals collected and not significantly differ- 
ent from either. Although the differences among means were much larger at 
station DC-4, this was mainly due to a single triplex cast which yielded 502 
Pisidium and another which contained 179 Tubificidae, both of which were almost 
3 standard deviations above the mean for all triplex casts in the respective 
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TABLE 5. Tests for differences in numbers of zoobenthos collected by the 
three versions of the ponar grab at two stations, expressed as mean and stan- 
dard error of numbers per grab. Test methods are described in the text. 
F.05[2,27] = 3.36. Underlining shows results of Tukey's "W-method" for 
differences. 



Station 



Taxon 



ANOVA LSR Standard Commercial Triplex 



SI>C-.5-l Total 

animals 



DC-4 



Chivonomus 
fluviatilis-group 2.26 



3.51* 3.1 2.8+ 0.6 4.6± 1.2 6.1+ 0.7 
l.st 0.7 3.3J: 0.9 4.0± 0.7 



Total 
animals 

FontopoTeia 
affinis 

Stytocbcitus 
hevingianus 

Tota] 
Tubificidae 

Pisidium spp. 

Sphaerium 
nitidim 

Total 
Chironomidae 



2.21 - 88.3120.6 94.0±18.4 182.8^56.9 

- 32.2+7.4 25.6± 6.6 41.218.3 
0.88 - 18.9±1.9 lO.ot 4.0 13.0+5.0 

- 18.9+ 6.1 25.9+11.6 28.1+16.9 
21.3±8.0 19.6+3.2 73.2148.2 

1.68 - 7.4+2.2 5.4+1.6 15.8+7.0 

3.2+0.8 3.9+0.8 4.4l0.9 



* Significant at .05 level. 

taxa. This caused within-grab-version variance to be large, and may have masked 
real differences due to grab version. 

Evidently some feature of the standard version caused a reduction in the 
number of animals collected under conditions found at station SDC-.5-1. The 
most likely feature was the finer mesh of the top screen and the resulting 
smaller percentage of open area in the screen through which water could flow 
during descent. The greater resistance to flow would increase the shock wave 
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which precedes the grab and could blow animals on or near the surface away from 
the area beneath the grab. Another possible explanation would be the lighter 
weight of the standard version, which might have caused it to bite less deeply 
and miss some burrowing animals. 

Our standard version of the ponar grab was weighted until it matched the 
triplex weight and the top screen was exchanged for a 0.5-mm mesh one in late 
July 1973. Later increases in numbers of zoobenthos relative to those col- 
lected in zone on systematic-random surveys and at shallow stations in 
ironthly surveys from May 1972 through June 1973 could be due partly to this 
change. 

Since the contents of the three chambers of the triplex were kept sepa- 
rate, it was possible to test for differences in numbers of animals collected 
by different chambers. There was no reason to expect that the two side 
chambers would differ from each other in any systematic way, so no attempt 
was made to record the particular side of the grab from which an observation 
was taken. Comparisons were conducted with a two-sample student's "t-test" 
between all observations from side chambers (n=20) and those from the center 
chamber (n=10) at both stations (Table 6) . 

The only significant difference (P<.05) was at station DC-4 for Ponto- 
poreia affinis. The center chamber collected significantly fewer amphipods 
than the side chambers. When the Pontoporeia were divided into those longer 
or shorter than 3 mm, only small individuals differed significantly (P<.05) 
between center and side chambers. It was noted that as the contents of the 
chambers were being rinsed into tubs, there was some leakage of fine sand 
from the center into the side chambers near the point where the jaws met. On 
the assumption that the side chambers were receiving the small Pontoporeia 
at the expense of the center chamber as a result of this leakage, additional 
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TABLE 6. Center vs. side chamber comparisons with the triplex version of the 
ponar at two stations. 



Station 



Taxon 



Center 
n=10 

X I s - 

X 



Sides 
n=20 

X _ s - 

X 



Student's 
t-statistic 
(df=18) 



SDC-.5-1 



DC-4 



Total No's. 

Chironomus 

fluviatilis- 

group 



1.6 + 0.4 



1.3 Z 0.3 



Total No's. 75.5 ± 49.1 



Pontoporeia 
total 

Pontoporeia 
<3 mm 

Pontoporeia 
>3 nam 

Total 
Tubificidae 

Stylodr>-iZus 

Pisidium 

Sphaeri-im 
nitidum 



6.5 Z 2.4 

5.6 t 2.1 

0.9 t 0.3 

5.2 ± 2.4 

3.8 + 1.5 

46.9 ± 41.5 

9.0 t 6.1 



Total 

Chironomidae 1.6 i 0.5 



2.3 I 0.4 

1.4 t 0.3 

53.7 + 9.3 

17.4 J: 2.8 

15.8 t 2.6 



1.6 t 0.3 



12.3 t 6.5 

4.6 t 1.7 

13.2 + 3.6 

3.4 J: 1.0 

1.4 + 0.3 



1.09 



2.42* 
2.46* 
1.41 



1.18 



* Significant at .05 level. 

machining was done on the jaws to provide for a tighter seal between chambers. 
Also, one of the side chambers was used as the 1/3 ponar sample in subsequent 
surveys to minimize the effect of leakage from the center to the side cham- 
bers. 

Another explanation would be that the shock wave which preceded the ponar 
during descent blew the smaller organisms near the sediment- water interface 
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away from the center chamber more than it blew them away from the side cham- 
bers just before impact. If this were true, the side chambers would also be 
more representative of the true population. Sealing work on the jaws and 
use of the side chambers was done for the first time on the August 1973 
short survey (Table 1). 

SAMPLING INTENSITY ANE DETECTION OF ZOOBENTHIC POPULATION CHANGES 

The large number of replicate ponar casts collected during the grab com- 
parison study also illustrated the effects of greater than usual sampling in- 
tensity on the precision of estimates of mean numbers per m^, and on the 
ability to detect compositional changes in the zoobenthos species assemblages 
as indicated by the rank order of conmion species at two particular stations. 
Moreover, the same tests could be run with observations from both full-sized 
and 1/3-sized ponar casts. Finally, these and other data could be used to 
calculate the amounts of change in mean numbers which must occur before the 
differences would be judged to be statistically significant. 

The cumulative effect of continuing replication on estimates of the 
means and standard errors is illustrated in Figure 4 for station SDC-.5-1 and 
Figures 5 and 6 for station DC-4. At the shallower station (Fig. 4) the 
standard version of the ponar collected vejry few zoobenthos in the initial 
casts, while the other two versions collected many more than the final mean 
number. After approximately four casts, the standard and triplex versions 
reached a relatively precise and accurate estimate of the mean of total 
animals in each which resulted from ten casts, while the cumulative mean from 
the commercial version decreased from the third through the tenth cast, and 
had relatively large standard errors. This was due to a denser patch of 
animals encountered in the third cast. As was stated above, the standard 
version collected significantly (P<.05) fewer total animals than the triplex. 
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After the third cast, the connnercial. and triplex versions gave similar 
estimates of the mean. 

At the deeper station (Fig. 5) a dense patch of Sphaeriidae was encoun- 
tered on the second cast of the triplex version, and further casts gradually 
reduced the mean and standard error toward those for the other ponar versions. 
There were no significant differences among the means for the three versions 
at this station. The final (after the tenth cast) mean and standard error 
for each series depended essentially on whether or not a dense patch of 
animals was encountered. 

Since the three versions were cast in alternating, cyclical order, one 
would expect to find parallel trends in the means for all three, but these 
figures show that no such trends occurred. We may presume that the patches 
were smaller than the distance which the boat drifted between casts (about 
20-30 m, based on an estimated drift on that date of 2.5 km/hr). Figure 6 
shows that the patch of Sphaeriidae in the second cast was almost entirely 
confined to the center chamber. Further evidence for the small areal scale 
of patches comes from analysis of variance on all the more numerous taxa in 
the three triplex chambers within and among casts: the variation between 
casts was not significantly greater than the variation of chambers within 
casts for any common taxon. Data from the 1/3-sized chambers of the triplex 
ponar (Fig. 6) are at least as much affected by dense patches of animals as 
those from whole ponar casts. 

The precision of observations from 1/3-sized triplex chambers was not 
as fine as for the full-sized observations. If precision is measured in 



units of D, where 



S 
D= ^ = S 



X un X 



fT 
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then the effect of continued sampling on precision can be illustrated by in- 
creasing the value of n , or number of observations. This calculation is based 
on the assumption that a good estimate of the standard deviation (S) is avail- 
able ai:id that no further dense patches are encountered. After ten casts, 
D = 0.31 for total animals in whole casts of the triplex version (see Table 
5), and the two side chambers and center chamber had D'^s of 0.16, 0.32 and 
0.65, respectively. The center chamber had poor precision of the estimated 
mean because the large sample of clams occurred aJmost entirely within it 
(483 versus 74 and 18 in the two side chambers from the cast). Since no 
patches approaching this density were encountered in any of the other 29 
full-sized ponar casts, we may presume that the chances of collecting so 
many in a single chamber at that station are very small, i.e. this observation 
was freakish. To better compare the relative precision of single chambers and 
full-sized casts, data from the other two versions of the ponar may be set 
against those from the two side chambers of the triplex version. The commer- 
cial version gave a D of 0.20 and the standard version a D of 0.23. Since 
three times as many animals must be sorted and counted to analyze full-sized 
ponar casts as for single chambers of the triplex, relatively little advantage 
would have been achieved in precision at the expense of much larger amounts 
of laboratory work. 

The abundant taxa at DC-4 differed widely with respect to precision of 
numerical estimates after 10 casts of the triplex (center chamber), from 
D = 0.31 for Chlronomidae to D = 0.88 for Pisidium. Pontoporeia had relative- 
ly homogeneous abundances from cast to cast, with D = 0.37, while total 
animals showed the effects of the dense patch of Pisidium with D = 0.65. As 
pointed out above, the side chambers yield(Bd more precise estimates, but the 
rank order of taxa by precision of estlmatiad means was about the same. 
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Pontoporeia and Chironomidae had the better precisions and Tubificidae and 
Stylodpilus had the vrorse ones. The clams were less variable in side chamber 
data, which contained no dense patches to compare with the one in a center- 
chamber observation. 

The rank order by abundance of the more common taxa (arbitrarily defined 
as those contributing more than 5% of total animals) gives an indication of 
the quality of the benthic environment in a traditional, subjective fashion. 
The number of casts required to attain a stable rank order should provide 
some insight into the possibilities of precision in describing benthic species 
associations for Indicative purposes. The overall percentage composition, 
from 30 casts of all ponar versions combined, is given in Table 7 and the 
cumulative percentage compositions from cast to cast are shown for both SDC-.5-1 



TABLE 7. Common taxa of zoobenthos at the two stations, with percentages of 
total animals and frequency of occurrence for each. 



Station Taxon 



% Total animals 


% 


Occurrence 


in all casts 


in 


all casts 


67.4 




87 


5.1 




20 


5.8 




23 


5.1 




13 


26.9 




100 


31.9 




97 


7.7 




76 


7.6 




93 


11.4 




62 



SDC-.5-1 Chironomus fluviatilis-gr. 
Paraoladopetma cfr. roVLi 
Pontoporeia affinis 
Immature Tubificidae 

DC-4 Pontopoveia affinia 
Pisidium spp. 
Sphaeri-um nitidvan 
Stylodpilus hevingianus 
■ Limnodrilus hoffmeisteri* 



* Limnodrilus hoffmeistevi refers only to identifiable, mature specimens; an 
approximately equal number of immatures in this sample must have included 
many L. hoffmeisteri, so the stated frequency and percentage of abundance 
are only minimum estimates. 
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and DC-4 in Figures 7 and 8. The cumulative percentages were calculated on 
casts in the order they were collected, regardless of ponar version (total 
n=30). At station SDC-.5-1, one taxon eventually contributed 67% of total 
animals (Chironomus f luviatilis-group) , and an additional three common taxa 
contributed 16%. Three of the four common taxa fall into the proper order 
after eight casts, but the fourth was not even present until the sixteenth 
cast. At station DC-4, it made little dif'ference whether full-sized (Fig. 8) 
or 1/3-sized casts were used; the rankings of common species fell into 
proper order after about nine or ten casts. At that station, the most 
abundant taxon (Pisidium) contributed only 32% of total animals and the five 
common taxa contributed about 86% together. All the common taxa were de- 
tected within the first three casts. 

While the precision of estimates of means gives an indication of the var- 
iability of the data, further calculations can provide an estimate of the 
amount of change which must occur in a given station or zone mean over time 
before it will be judged significantly different. Sokal and Rohlf (1969) 
give a formula for determining the number of replicates which would be nec- 
essary to accept as significant a true difference in means of two populations. 
Their formula can be transposed to express the least size of a true difference 
which would be statistically significant, based on a given number of replicate 
observations. This least detectable true difference (6) is defined for both 
significance level (P= .05) and power, or 1-6 (chance of the type II error, 
3=.05) in the calculation for Table 8. The effect of one of the usual trans- 
formations is shown for the same data. 

Under conditions found at these two stations in April 1973, and assuming 
10 replicate observations, more than a doubling of the mean of total animals 
per cast would have been necessary at SDC-.5-1 and more than a tripling at 
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FIGURE 7. Cumulative percentages of total animals due to each taxon which contributed 
5% of the final total cast (- replicate) by cast at station SDC-. 5-1 in April 1973 with 
casts arranged In the order in which they were taken (regardless of ponar version) . 



REMAINDER 



STYLODRILUS 



. NITIDUM 



L.HOFFMEISTERI 




PONTOPOREIA 



PiSIDIUM SPP. 



T" 
5 



10 



15 
REPLJCATES 



20 
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100 
80 
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40 



20 



-0 



29 



FIGURE 8. Cumulative percentages of total animals due to each taxon which contributed 
5% or more of the final total, cast (« replicate) by cast at station DC-4 in April 1973 
with casts arranged in the order in which they were taken (regardless of ponar version) . 
One cast was partially lost during analysis. 
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DC-4 before the statistical probability of true difference would have been 
acceptable. In fact, the difference between the standard ponar version, on 
which this test is based, and the triplex version at station SDC-.5-1 was 
slightly larger than the calculated 5, and was accepted as being significant 
(see Table 5). In these two cases, the effect of transforming the data before 
calculation of 6 was to reduce the least detectable decrease in the mean to 
a value less than the mean, so that a mean of (absence of animals from the 
new sample) would be considered significantly different (permit rejection of 
the null hypothesis). 

Table 8 also gives the results of similar calculations for the three 
stations sampled in zone D 2 the following day. The (S's for untransformed 
data were between 1 1/2 and 2 1/2 times the mean, and widely overlapped zero. 
For the transformed data, 6's were less than the mean, and when de-transformed 
show that eradication of animals from any of the three stations would be con- 
sidered a significant difference. The limits for detectable increases in the 
mean were much higher than for untransformed data, however, so that transfor- 
mation seriously lowered sensitivity to increases. When the three stations 
were combined as a single sample (N=9) from zone D 2, the differences be- 
tween S's. calculated from transformed and untransformed data were less. 

These estimates of 6 for specific stations and zones cannot be extended 
to answer the question of what magnitude of differences could be detected 
on the average over the entire survey area, however. For this, more informa- 
tion about the within-zone variability of numbers of total animals in grab 
samples is needed. The most extensive source of such information is the 
systematic-random surveys. A one-way analysis of variance was performed for 
within-zone versus between-zone variability in each of the four major surveys 
of this type which have been sorted so far. Since grab sizes and numbers of 
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replicates were not the same in zone and zones 1-3, the two sets of data were 
analyzed separately in each month. The sums of squares from within-zone vari- 
ability from the ANOVA's were summed over the four surveys and divided by the 
summed degrees of freedom to obtain an average, within-zone mean square over all 
surveys and zones. The ANOVA tables are given in Table 9. In zone 0, each cell 



TABLE 9. Analysis of variance tables for within versus between zone compari- 
sons of variances of total animals in the systematic-random surveys. 





Survey 


Source 


SB 


df 


MS 


Fs 




July 72 


Between regions 


21,253 


2 


10,626 


1.184 


NS 


Zone 


Within regions 


376,854 


42 


8,973 






Zones 1-3 


Between zones 


1,365,321 


8 


170,665 


9.816*** 






Within zones 


1,251,805 


72 


17,386 






Oct. 72 


Between regions 


284,343 


2 


142,172 


3.288* 




Zone 


Within regions 


1,815,647 


42 


43,230 






Zones 1-3 


Between zones 


1,112,678 


8 


139,085 


14.815*** 






Within zones 


675,911 


72 


9,388 






Apr. 73 


Between regions 


27,769 


2 


13,884 


9.644*** 




Zone 


Within regions 


38,870 


27 


1,440 






Zones 1-3 


Between zones 


2,680,266 


8 


335,033 


5.508*** 






Within zones 


4,378,890 


72 


60,818 






July 73 


Between regions 


164,874 


2 


82,437 


4.329* 




Zone 


Within regions 


799,773 


42 


19,042 






Zones 1-3 


Between zones 


1,477,914 


8 


184,739 


2.886** 






Within zones 


4,608,443 


72 


64,006 







* Significance at .05 level; 
.001 level. 



** Significance at .01 level; *** Significance at 



included 15 replicates except in April 1973. In that survey, one station each 
in the north reference and Cook regions was deeper than the zonal depth limit 
of 8 m, and so was eliminated from the calculations. A station from which one 
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of the five replicates was lost, was dropped from the south reference set to 
balance the cells. Therefore, only two stations with a total of 10 observations 
were used in the analysis. In zones 1, 2 and 3, there were three regions and 
three zones in each region for a total of nine cells ("zones") and three obser- 
vations at each station for a total of nine observations per cell. 

At this point in the course of Cook benthos analysis, extensive discussion 
of the other ANOVA results is passed over, but it can be seen from Table 9 that 
differences among zones were the rule rather than the exception. In the deeper 
zones, much of this was undoubtedly due to the depth effect (see Mozley 1973a), 
but differences also occurred in zone among regions. The variance estimate 
(mean square) derived from these calculations was used to determine the effect 
of sampling intensity on the size of the least detectable true difference (6) 
(Table 10) . This is illustrated for zone in Figure 9 and for zones 1-3 in 

TABLE 10. Intermediate steps in the computation of 6 from the ANOVA tables in 
Table 9 in units of total animals per m2. The within-cell (=region or zone) 
sums of squares and degrees of freedom are summed to form the basis of mean 
square calculation. See Figures 9 and 10. 

















Grand 












Estimated 


mean 












standard 


of 




Sums of 


Degrees 


of 


Mean 


deviation 


total 


Zone(s) 


squares 


freedom 




square 


within cells 


animals 





3,031,144 


153 




19,811 


140.8 


2,356 


1-3 


10,915,049 


288 




37,899 


194.7 


17,192 



Figure 10. In zone 0, the proportional advantage of further replication was very 
small after 5 or 6 replicates. Tripling the number of replicates to 15 (the num- 
ber collected in each zone on major surveys) decreased 5 by about half, from 7446/m 
2 



to 3917/11 



In zones 1-3, the least detectable true difference in total animals 
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PER PER 
M' CAST 
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FIGURE 9. Theoretical relationship between n (» number of casts) and 6 (= least 
detectable true difference, in this case for total animals), based on the estimate 
of variance from the 1972-73 major surveys in zone of regions S, D and N. The arrows 
indicate the value of 6 for n " 15, the number of casts in each zone on systematic- 
random surveys. 
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FIGURE 10. Theoretical relationship between n (« nuaber of casts) and 6 (- least 
detectable true difference, in this case for total animals), based on the estimate of 
variance from the 1972-73 major surveys in zones 1. 2 and 3 of regions S, D and N. 
The arrows indicate the value of fi for n - 9, the number of casts in these zones on 
systematic-random surveys. 



49 



per cast was larger, but the grs.nd zonal mean was larger, also. After nine 
replicates, 6 was 21,392/m^. The larger values for 6 reflect the broad var- 
iations in numbers per cast within stations and zones which were also illus- 
trated in Figures A, 5, and 6 and Tables 5, 6, and 8. 

The variances were quite different from month to month (Table 9). Non- 
homogeneity of variances violates one assumption of this test, and final 
answers to the question of the magnitude of the least detectable true differ- 
ence will require transformation of the data. 

The grand mean for total animals over all months and observations in zone 
was 2356/m2, so later means as large or larger than 2 2/3 times this amount 
would be judged significant with equal replication. In zones 1 to 3 the grand 
mean was 17,192/m , and a detectable change would require an increase in this 
mean by a factor of 2 1/4. Future means of would not be judged significantly 
different at the stated significance and power levels in either depth range. 

THE 1972-73 GRAB-SAMPLER SURVEYS 
Speaies aompositionj April 1972 

The April 1972 zoobenthos survey was the last in a series of 8 conducted 
on the original 46-station grid. It was the sixth to be analyzed at the species 
level (September surveys omitted). The results of such analysis of the preced- 
ing ores were presented, along with the basic data, by Mozley (1974). Like 
those surveys, that of April 1972 was initially sorted to six major taxa and 
the data reported by Mozley (1973a). As for 1971 surveys, a single cast of 
the full-sized ponar was made at each station. All grab casts from the April 
1972 survey have now been analyzed at the species level. 

Table 11 gives the basic data for April 1972, and Figures 11 and 12 show 
the means for most taxa by benthic depth zone at the same scales and in the 
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same manner as the 1970-71 data In Part XX (Mozley 1974) , Means of total 
animals were practically identical between April 1971 and April 1972, except 
that zone 1 had somewhat larger numbers in 1972. Numbers of P. af finis were 
slightly lower and numbers of Tubificidae were higher, especially in zone 1, 
in April 1972 than in April 1971. There were more Potthastia cfr. longimanus 
and Monodiamesa tuhevoulata in zones 1-3 in 1972, but these chironomid larvae 
were still relatively minor constituents of the zoobenthos. Most of the more 
abundant, larger chironomid larvae were not strongly different in the two 
Aprils, but Ckivonomus fluviatilis-group was several times more numerous in 
zones and 1 in 1972 than in 1971. 

The size-class distribution of Pontoporeia populations in benthic depth 
zones 1-3 in April 1972 indicated that release of the young was slightly later 
in 1972 than in 1971, and this could account for the April differences in 
Pontoporeia abundance (lower in April 1972) . These data are presented along 
with other 1972 data and 1973 data in a later section. 

Naididae were represented only by Unainais unoinata (very rare, zone 1 
I- ily) and Piguetella miohiganensis (rare in zones and 2, common in zone 1) 
both of which were less numerous than in July or November 1971. 

Several new species were reported in this survey, as predicted in Part 
XX. Rare species encountered for the first time include: ? Somatogyrus 
suhglobosus (Gastropoda), Paraaladopelma cfr. volli, DemioryptoGhironomus 
cfr. vulneratuSi Conohapelopia sp., (Chironomidae) , Pelosoolex superioren- 
sis, Potamothpix hedoti and Rhyaoodritus eoooineus (Tubificidae) . Species 
which have been present before but not identified separately or to the species 
level Inclnde Armicola sp., Valvata sinaera (Gastropoda), Sphaeriim aornewn 
(previously as "sp. 1"), and Miovopseotra sp. 2 (as Tanytarsini spp.). 
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TABLE 11. Cook Plant benthos survey 12 April 1972 (///m^) . Key to abbreviations 
at end of table. 



CHIRONOMIDAE 



Chironamue Cryptoahir Fccpoaladop Beterofriss Ppoc 

Station fluv anth tail sp. 2 sp. 3 obea roll subp grim sp. 

NDO- 2-1 

NDC-1-1 

SDC-2-1 254 36 

SDC-4-1 272 

SDC-7-1 272 18 

NDC-4-1 18 

NDC-.5-1 

SDC-.5-1 490 181 36 18 

SDC -1-1 

DC-1 18 

NDC-7-1 

SDC -.5-2 91 145 18 18 

SDC -4- 2 36 54 18 

NDC-.5-2 91 18 344 

SDC -2-2 36 145 

NDC-2-2 127 109 18 18 18 

SDC -7 -2 109 73 
NDC-4-2 

SDC --25-1 54 18 381 36 

NDC-1-2 18 18 

NDC-.25-1 18 54 54 

DC -2 236 36 218 109 

SDC -1-2 181 54 36 163 36 

NDC-7-3 73 91 18 36 18 

NDC-2-3 109 18 163 145 

SDC -7-3 36 18 54 36 

NDC-.5-3 109 54 73 73 

SDC -2-3 54 54 54 236 

SDC -7 -4 18 

NDC-7-4 18 54 36 

DC-3 36 36 

SDC-.5-3 18 18 18 

SDC--4-3 91 109 
NDC-4-3 
NDC-1-3 

SDC-1-3 18 18 109 

DC-4 54 54 36 

SDC-7-5 36 

SDC-2-4 54 

NDC-7-5 163 18 18 

DC-5 36 

NDC-2-4 18 

SDC-4-4 73 

DC- 6 
NDC-4-4 54 





18 




36 




18 




36 


18 




91 


163 




18 


73 


54 


36 


54 


54 


36 


18 




127 


18 


73 


18 


54 


18 


73 




36 




127 


145 




18 


36 




127 


73 


236 


254 


109 


145 


54 


54 


18 




54 


54 




18 


54 


18 




18 
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TABLE 11 continued, 



CHIRONOMIDAE, OLIGOCHAETA (with hair chaeta & unidentifiable in immature stages) 



Station 



Chironomidae 

Mono Pott Miar 
tubf long sp . 2 







Tubificidae 


Demi 


Conah Para 


Tubf Pelo 


vuln 


sp . 1 demo 


tubf supr imra. 



NDC-2-1 






NDC-1-1 






SDC-2-1 






SDC-4-1 




18 


SDC-7-1 






NDC-4-1 






NDC-.5-1 






SDC-.5-1 






SDC-1-1 






DC-1 




18 


NDC-7-1 






SDC-.5-2 


18 


18 


SDC-4-2 




36 


NDC--5-2 


54 


18 


SDC-2-2 


18 


18 


NDC-2-2 






SDC-7-2 


36 




NDC-4-2 






SDC-.25-1 


73 


54 


NDC-1-2 






NDC-.25-1 


471 




DC -2 


54 


36 


SDC-1-2 


36 


18 


M)C-7-3 


18 




i\DC-2-3 


18 


18 


SDC-7-3 




18 


NDC-.5-3 


36 


18 


SDC-2-3 


36 




SDC-7-4 


36 




NDC-7-4 


18 




DC -3 




18 


SDC-.5-3 


18 




SDC^-3 




36 


NDC-4-3 






NDC-1-3 


36 




SDC-1-3 






DC-^ 


18 


18 


SDC-7-5 


73 




SDC-2-4 


36 




NDC-7-5 






DC -5 


18 




NDC -2-4 


54 


18 


SDC-4-4 






DC -6 






NDC -4-4 







18 



18 



18 



18 



18 



18 



290 

18 
18 



18 
18 



18 



18 



18 



18 



36 

145 
18 
36 



18 



725 
18 

18 
36 

18 
109 

18 
36 

18 
18 



73 
36 



54 


54 




54 


91 


1559 


36 


689 
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TABLE 11 continued, 



OLIGOCHAETA (without hair chaetae & unidentifiable in immature stages), 







Limn 


Limn 


Limn 


Linrn 


Livm 


Pota 


Pota Pelo 




Station 


hoff 


oerv 


prof 


spir 


olap 


mold 


bedo fpey 


Imm. 


ra)C-2-l 
















36 


NDC-1-1 


















SDC-2-1 
















163 


SDC-4-1 












18 






SDC-7-1 












18 




18 


NDO-4-1 


















NDC--5-1 


















SDC--5-1 












73 




399 


SDC-1-1 


















DC-1 


















NDC-7-1 


















SDC- . 5-2 


36 










54 




888 


SDC-4-2 


18 










18 




236 


NDC~.5-2 


145 






36 




73 




979 


SDC- 2-2 


18 




18 






127 




199 


NDC-2-2 












18 


18 


254 


SDC- 7 -2 








18 




18 




236 


NDC-4-2 
















18 


SDC-.25-1 


18 






18 




18 




816 


NDC-1-2 
















18 


NDC-.25-1 


417 


73 


18 


54 




562 




5113 


DC- 2 


127 


18 








73 




2194 


SDC- 1-2 


181 






18 




199 




2031 


NDC-7-3 


91 














73 


NDC- 2-3 


73 




18 










2502 


SDC- 7 -3 
















145 


NDG-.5-3 












54 




1197 


SDC-2-3 


109 




18 










2556 


SDC-7-4 
















417 


NDC-7-4 












18 




381 


DC-3 


54 






36 








344 


SDC-.5-3 
















163 


SDC-4-3 


36 










18 


36 


1360 


NDC-4-3 
















218 


NDC-1-3 
















490 


SDC- 1-3 


91 














2629 


DC-4 


362* 




36 


18 


18 


109 


36 


4877 


SDC-7-5 


54 




54 






18 




3735 


SDC- 2-4 


18 










54 




2031 


NDC- 7 -5 


91 








18 


36 




1450 


DC- 5 


18 










18 




381 


NDC- 2-4 


236 














4913 


SDC- 4-4 


145 










145 


36 


1632 


DC- 6 


181 






54 




54 


54 


2284 


NDC- 4-4 


218 










326 




2067 



* One individual from sample DC 4 may have been Limnodvitus maumeensis or 
Limnodpilus hoffmeisteri with an irregular penal sheath head. 
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TABLE 11 continued. 



OLIGOCHAETA (Identifiable in immature stages) - 



Station 



Tubifictdae Naldidae 

Limn Rhya Pota Pelo Auto Auto Pigu Unai 
udek opoo 1)6 jd vcxpi plup amer mich unai 



Ltmbr ic . 

Stylo h-evin 



NDC-2-1 

NDC-1-1 

SDC-2-1 

SDC-4-1 

SDC-7-1 

NDC-4-1 

NDC-.5-1 

SDC-.5-1 

SDC-1-1 

DC-1 
NDC-7-1 

SDC-.5-2 

SDC-4-2 

NDC-.5-2 

SDC- 2-2 

NDC-2-2 

SDC- 7 -2 

NDC-4-2 

SDC-.25-1 

ND 0-1-2 

NDC-.25-1 

DC- 2 
SDG-1-2 
NDC-7-3 
NDC-2-3 

SDC- 7 -3 
NDC-.5-3 
SDC- 2-3 
SDC- 7 -4 
NDC-7-4 

DC- 3 
SDC-.5-3 
SDC- 4-3 
NDC-4-3 
NDC-1-3 
SDC- 1-3 

DC- 4 
SDC- 7 -5 
SDC- 2-4 

NDC-7-5 

DC- 5 
NDC-2-4 
SDC-4-4 

DC- 6 
NDC-4-4 



36 


91 




73 


18 


54 



18 



54 



36 

127 

326 
218 



36 

18 
54 

18 



36 
54 

73 

91 

363 

363 

54 
54 

689 
91 



18 



18 



199 
109 

36 
18 



18 



435 18 18 

54 
18 

54 



18 



18 



36 

36 
18 

18 



18 



18 



18 
36 



18' 



36 



36 



18 

36 

199 

54 

36 

163 

163 

36 

73 

326 

18 

254 

109 

54 

1958 

326 

54 

1650 

2973 

5294 

6726 

2538 
5584 
8159 
4387 
3155 
3282 
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TABLE 11 continued. 
HIRUDINEA - PELECYPODA 









Hirudinea 




Pelecypoda 






Helh 


Gloe Hird 


Piad 


Sphp 


Sphr 


Sphp 


Station 


stag 


camp sp. 


spp. 


niti 


stri 


ooim 


NDC-2-1 














NDC-1-1 














SDC-2-1 














SDC-4-1 














Sl)C-7-l 














NDC-4-1 














NDC-.5-1 














SPC-.5-1 






36 








SDC-1-1 














DC-1 














NDC-7-1 














SDC.5-2 






18 




36 




SDC-4-2 






109 


18 






NDC--5-2 






399 




91 




SDC-2-2 






91 








NDC-2-2 






18 








SDC-7-2 






36 




36 




NDC-4-2 














SDC-.25-1 






181 




54 




NDC-1-2 






181 








NDC-.'25-l 


54 




616 




109 




DC- 2 




18 


399 




109 




SDC-1-2 


18 




218 


36 






NDC-7-3 


163 




344 




73 


109 


NDC-2-3 


18 




326 


18 


18 




SDC-7-3 


18 




109 








NDC-.5-3 


54 




671 


36 


54 




SDC-2-3 






653 




163 




SDC-7-4 






36 








ra)C-7-4 






91 




18 




DC-3 






73 








SDC-.5-3 


36 


18 


91 








SDC-4-3 


36 




2266 


471 


73 




NDC-4-3 


18 




18 








NDC-1-3 




18 


145 


91 






SDC-1-3 




18 


272 


91 


18 




DC-4 


18 


18 


236 


127 






SDC-7-5 


109 




1033 


417 


18 




SDC-2-4 


54 




2593 


780 






NDC-7-5 


36 


18 


163 


218 


18 




DC- 5 






363 


18 


18 




NDC-2-4 






381 


91 


18 




SDC-4-4 


18 




2720 


73 






DC- 6 






907 








NDCr4-4 






1305 




18 
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TABLE 11 continued. 
GASTROPODA - AMPHIPODA 









Gastropoda 




Amphipoda 








Valv 


Somt Arnni 


Lyrnn 


Ponto 


Total 


Mys 


Station 


sine 


subg sp . 


spp. 


affin 


macro 


ret 


NDC-2-1 










36 




NDC-1-1 















SDC-2-1 










471 




SDC-4-1 










344 




SDC-7-1 










326 




NDC-4-1 










18 




NDC-.5-1 















SDC-.5-1 


18 






18 


1323 




SDC-1-1 















DC-1 










36 




NDC-7-1 















SDC-.5-2 


36 






91 


1702 




SDC-4-2 


36 






36 


778 




NDO.5-2 


18 


18 18 




36 


2410 




SDO-2-2 


36 


18 




91 


851 




NDC-2-2 








54 


688 




SDC-7-2 








18 


634 




NDC-4-2 










36 




SDO.25-1 








109 


1866 




NDC-1-2 


54 








325 




NDC-.25-1 


109 






36 


9842 




DC- 2 


18 






217 


4043 




SDC-1-2 








91 


3623 




NDC-7-3 


18 








1450 




NDC-2-3 


36 






145 


3950 




SDC-7-3 








18 


506 




NDC-.5-3 


18 






127 


2882 




SDC-2-3 








73 


4658 




SDC-7-4 








508 


1033 




NDC-7-4 


18 






472 


1486 




DC- 3 










833 




SDC-.5-3 








127 


597 




SDC-4-3 


145 




18 


399 


7414 




NDC-4-3 








36 


760 




NDC-1-3 


36 






181 


1051 




SDC-1-3 








653 


5712 




DC- 4 


54 






472 


9916 




SDC-7-5 


36 




18 


235 


12127 




SDC-2-4 


54 




18 


1161 


14232 




NDC-7-5 


36 






1071 


6253 




DC- 5 








4769 


11313 




NDC-2-4 








7252 


21519 




SDO-4-4 


18 






1414 


11422 


18 


DC- 6 








6456 


15284 


145 


NDC-4-4 








10787 


19054 


54 
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Key to abbreviations used for benthos species names in Table 11. 



Chironomidae 

Chtr'onomus fluv 

CkiToncmus anth 

Chironomus tail 

Cryptoohir sp. 2 
Cryptoohiv sp. 3 
Pca?acladop obso 
PaPoelaJ.op roll 
Heterotfiss subp 
Hetepotriss grim 
Proa sp. 
Mono tubr 
Pott long 
Mior sp. 2 
Demi vuln 
Conch sp. 1 
Pccra demj 

Oligochaeta-Tubif icidae 

Tuhf tubf 
Pelo supr 



num. 
Limn 
Limn 
Limn 
Limn 
Limn 
Pota 
Pota 
Pelo 
Limn 
Rhya 
Pota 
Pelo 
Aulo 
Aulo 



hoff 
oerv 
prof 
spir 
clap 
mold 
bedo 
frey 
udek 
cocc 
veod 
vari 
plur 
amer 



Chironomidae 

Chironomus fluviatilis group 

Chironomus anthr acinus group 

tailless or otherwise uniden- 
tifiable 

Cryptoohironomus species 2 

Cryptoohironomus species 3 

Paraoladopelma cfr. obsaura 

Pax'aeladopelma cfr. rolli 

Heterotrissooladius cfr. subpilosus 

Heterotrissocladius cfr. grimshccwi 

Prooladius species unidentified 

Monodiamesa tuberoulata 

Potthastia cfr. longimana 

Micropsectra species 2 

Demicryptoahironorms cfr. vulneratus 

Conohapelopia species 1 

Paraohironimus cfr. demeijerei 

01 igochaeta-Tubif ic id ae 

Tubifex tubifex 
Peloscolex superiovensis 
immature 

Limnodrilus hoffmeisteri 
Limnodrilus cervix 
Limnodrilus profundiaola 
Limnodrilus spiralis 
Limnodrilus olapojc'edeianus 
Potamothrix moldaviensis 
Potamothrix bedoti 
Peloscolex freyi 
Limnodrilus udekemianus 
Rhyacodrilus cocoineus 
Potamothrix vejdovskyi 
Peloscolex variegatus 
Aulodrilus pluriseta 
Aulodrilus amerieanus 



Oligochaeta-Naididae 

Pigu miah 
Unci unci 

Oligochaeta-Lumbric 

Stylo her in 

Hirud inea 

BeVb stag 
Gtos aomp 
Hird sp. 



Oligochaeta-Naididae 

Piguetella michiganensis 
Uncinais unoinata 

Oligochaeta-Lumbriculidae 

Stylodrilus heringianus 

Hirud inea 

Helobdella stagnalis 
Gloesiphonia aomplanata 
Hirudinea species unidentified 
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Pelecypoda 
Pisd spp. 
Sphr niti 
Sphr stri 
Sphr com 



Pelecypoda 

Pisidiim spp. 
Sphaerium nitidum 
Sphaerium striatinim 
Sphaerium covnewn 



Gastropoda 

Valv sina 
?Somt subg 
Arrmi sp. 
Lyrnn spp. 

Amphipoda 

Ponto affin 

Mys vel 



Gastropoda 

VaZvata si-noeva 
?Somatogyrus subgtobosus 
Amnioota species unidentified 
Lymnaea species unidentified 

Amphipoda 

Pontoporeia affinis 

My sis Telicta 
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TOTAL ANIMALS 




1 
2 
3 




APR 72 





i 

2 
3 



PA 



SH 





APR 72 



PI 




APR 72 



h5000/MM 



FIGURE 11. Means (diagram widths) and standard errors (inset 
brackets) by benthic depth zones (scales on left side) of the 
numbers of total animals and the more abundant taxa per square 
meter in the April 1972 grid survey. PA = Pontoporeia af finis, 
SH = Stylodrilus heringianus, PI = Pisidium spp., TU = Tubific- 
idae. 
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i 

2 
3 



2 
3 




SS 



GA 



HI 



APR 72 



CA 





APR 72 



H500/MH 





— 

1 
2 
3 



PL MT 





PN PD PS 



APR 72 



I- 200/ MH 

FIGURE 12. Means (diagram widths) and standard errors (inset brackets) 
by benthic depth zones (scales on left side) of the numbers of several 
less abundant taxa in the April 1972 grid survey. SN = Sphaeriien 
nitidum, SS = S. striat-inum , GA == Gastropoda, HI = Hirudinea, PR = 
ProatadiuSj CA = Ch-ironomus anthracinus-group, CF = C. fluviatilis-group, 
CR = Cryptoahironomus sp. 2, PL = Potthastia cfr. tongimanus ^ MT = Mono- 
diamesa tubercutata^ PO = Paraaladopelma cfr. obsaura, PN = P. tylus, 
PD = Paraahironomus cfr. demeijeve'ly PS = PolypediZum cfr. saalaenum. 
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In spite of this relatively extensive list of new species names, the most 
outstanding generalization that can be made about this survey is that it showed 
very similar patterns of composition and depth distribution to that of the 
previous April. 

The systemat%e-random surveys 

At the end of 1973, five major zoobenthic surveys had been conducted 
according to the systematic-random design (Fig. 2): July and October 1972, and 
April, July and October 1973. The October 1973 survey has not yet been 
sorted. The April 1974 survey will be of this design, but then we will 
return to the radial grid (Fig. 1) unless events should indicate the necessity 
for additional, randomized surveys after the plant begins to operate contin- 
uously. The systematic-random survey was designed to describe two reference 
areas and the vicinity of the plant in maximum feasible statistical detail, 
without special regard to local spatial features within the region around the 
plant. It is not the best design for detecting localized effects of cooling 
water discharge because of its lack of stations in the areas of the lake defined 
along the beach by distances of between 1.6 and 8.0 km to both the north and 
the south of the plant, and because the locations of the sampling stations are 
re-randomized for each survey. 

This report will provide a descriptive summary of data gathered so far, 
and point out differences in numbers of animals among zones, regions and 
months. The complete analysis of variance within and between regions is not 
ready for presentation, and will be covered in a later report. 

The data are presented in a slightly summarized form in Tables 12 to 15. 
Means have been calculated for each station in the surveys for each taxon 
which is now being identified routinely without the use of compound micro- 
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scopGH. The station means have been used as the basis for calculating the 
corresponding zone means and standard errors (n=3) which are presented below 
each zonal set of 3 stations. 

The data for zone were subject to vagaries in station location. The 
depth contours were not exactly parallel to the beach, and the approximation 
of the location of the 8-m contour which defined the area of randomization was 
not always accurate. As a result, the depths of stations which fell near the 
outer edge of zone were often more than 8 m deep. This was usually reflec- 
ted in abnormally large numbers of zoobenthos at those stations relative to 
others in zone 0. Depths are given in Tables 12-15 beside each station. 

The data in Tables 12-15 have been used to draw "kite" diagrams which 
simultaneously illustrate distribution according to depth zones, regions 
and months for each taxon (Figs. 13 to 21). These are structured so that the 

width of the diagrams at the center of each benthic depth zone (marked at the 

2 
margin) is proportional to the number of animals per m . The scale of width 

changes from figure to figure and is shown as an inset at the bottom of each. 

At the level of the zone centers, one standard error of the mean (same as in 

Tables 12 to 15) is shown as a horizontal bar. The scale of the standard 

error bars is the same as for the means (width of the diagrams). The north 

(N) and south (S) reference transects, or regions, and the Cook area region 

(D) are labelled above each column of diagrams. 

Numbers of total animals (Fig. 13) were generally less variable in the 

north and Cook regions than in the south region. In April and July 1973, 

2 
both mean numbers per m and standard errors were very large in the south 

region in zone 1. Standard errors were alweys smaller in relation to the mean 

in zone 3 than in shallower zones. With two exceptions, zone 3 had the largest 

mean, and zone always had the smallest mean, of any zone in a given month. 
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TOTAL ANIMALS 



JUL 72 




1-16,000/mM 



FIGURE 13. Means (diagram widths) and standard errors (inset brackets) by benthic depth 
zone (scales on left side) for total animals in the first four systematic-random 
surveys. N >= north reference, D " Cook Plant region, S = south reference. 



PONTOPOREIA 




JUL 72 



OCT 72 



APR 73 



JUL 73 



t-80M /m'h 

riavw 14. Means (diagrim widths) and standard errors (inset brackets) by benthic depth 
«one (scalBs on left side) for Pontopop0ia affinie in the first four syBtematic-random 
surveys. N - north rarBrencB, D " Cook Plant region, S • south refersnce. 
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TUBiFiCIDAE 



JUL 72 



OCT 72 
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KIOM/mM 

FIGHSE 15. Means (diagram widths) and standard errors (Inset brackets) by benthlc depth 
zone (scales on left side) for Tubiflcldae In the first four systematic-random surveys. 
N - north reference, D = Cook Plant region, S «• south reference. 




STYLODRII.US 
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OCT 72 
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I-4100/mM 

FIGUKE 16. Means (diagram widths) and standard errors (inset brackets) by benthlc 
depth zone (scales on left side) for Stylocbpilua henngianua in the first four 
systematic-random surveys. H " north reference, D ■ Cook Plant region, S «= south 
reference. 
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PISIDIUM SPP. 



JUL 72 
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1-4080 /M*H 

FIGURE 17. Means (diagram widths) and standard errors (Inset brackets) by benthlc depth 
lone (scales on left side) for Viaidiim spp. in the first four systematic-random surveys. 
N - north reference, D - Cook Plant region, S - south reference. 



S. NITIDUM 

D 




h200/M*H 



FIGURE 18. Means (diagram widths) and standard errors (inset brackets) by benthic depth 
sK>ne (scales on left side) for Sphaexn,im nitidum in the first four systematic-random 
surveys. N " north reference, D - Cook Plant region, S « south reference. 



78 





1 

2 
3 


1 
2 

i 


1 
2 
3 



CHIRONOMIDAE (.....) 
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.1 1. 



JUL 72 




h-lOOO/M*-! 

FIGURE 19. Means (diagram widths) and standard errors (Inset brackets) by benthic depth 
zone (scales on left side) for Chironomidae in the first four systematic-random surveys. 
N " north reference, D = Cook Plant region, S - south reference. 



NAIDIDAE 
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JUL 73 



H-IOOO/M*- 



FIGURE 20. Means (diagram widths) and standard errors (inset brackets) by benthic depth 
cone (scales on left side) for Naldidae In the first four systematic-random surveys. 
N " north reference, D - Cook Plant region, S " south reference. 
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S. STRIATINUM 
D 







JUL 72 




OCT 72 



APR 73 



M 



JUL 73 



H80/M»H 

FIGURE 21. Means (diagram widths) and standard errors (inset brackets) by benthlc depth 
zone (scales on left side) for Sphaevium etviatinum In the first four systematic-random 
surveys. N - north reference, D " Cook Plant region, S - south reference. 
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Zone 1 and 2 means were highly variable between regions in each month and 
between months for the same region. 

Pontopoveia af finis (Fig. 14) was usuiilly the most abundant single species 
in the survey area (see earlier reports) but was never as much as 50% of 
total animals in the south and Cook regions. This amphipod was almost always 
most abundant in the north region and least abundant in the south region. 
The coefficient of variation tended to decrease with increasing depth, espec- 
ially in the north region. Data from zonei 1 in July 1973 show larger means 
for Pontoporeia than had been recorded in previous Julys. A more detailed 
discussion of seasonal variations and reproduction may be found in the sec- 
tion on seasonality of Pontoporeia size distribution, Pontopoveia was absent 
or rare in zone 0. 

Total Tubificidae (Fig. 15) showed approximately reverse tendencies in 
relative regional abundance. In the south and Cook regions, means of Total 
Tubificidae were close to 50% of total animals in zone 2, but in the north 
region they were much less numerous proportionally as well as absolutely. 
Tubificidae was the dominant taxon in contribution to the large means and 
standard errors of total animals in zone S-1 in April and July 1973 and in 
zone D~l July 1973. Tubificidae were normally rare in zone 0. 

StylodriZus heringianus (Fig. 16) seemed to be less abundant in the 
north region than in the Cook and south regions until July 1973. Stylodritue 
was essentially absent from zone and very rare in zone 1 in all regions. In 
zone 2 this species varied about as much from survey to survey as among 
regions. 

Pisidium (several species combined. Fig. 17) showed little in the way of 
patterns of abundance. This genus was absent or rare in zone and often rare 
in zone 1, With one exception, the largest means fell in zone 3. The 
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standard-error-to-mean ratios were usually lowest in zone 3. The numbers of 
Tisidiim increased dramatically in zone 3 of the south and Cook regions in 
April 1973 and the following July survey indicated larger means than did the 
July 1972 survey. This April maximum was not observed in the April 1972 
survey (Fig. 11). 

Sphaerium n-itidum (Fig. 18) was originally presented as the typical 
species of zone 2 (Mozley 1973a). It often exhibited higher means in zone 3, 
however, and its numbers were so variable (note large standard errors) that it 
would be difficult to make any quantitative generalization from the relatively 
small number of samples on which these figures are based. Variability within 
each zone was apparently as large as or larger than variability between zones 
2 and 3 or among the regions. S. nitidwn was always rarer in zones and 1 than 
in zone 2. 

Total Chironomidae (Fig. 19) were seasonally regular in abundance. July 
in both 1972 and 1973 was the month of maximum abundance (see also Fig. 12) in 
zones and 1. In zones 2 and 3 however, there were generally more larvae 
in April 1973 collections. The quantities of Chironomidae larvae were greater 
in the Cook and south regions than in the north region. Although Chironomidae 
had the smallest standard error to mean ratios in the grab comparison study 
(see Tables 5 and 6) the ratios were not particularly small over the various 
zones. Except during the July maximum, there was no regular pattern in the 
depth distribution of numbers of chironomid larvae, but their proportion in 
total animals was always largest in zone 0. 

Naididae (Fig. 20) were rare in zone 3 and relatively less abundant in 
zone 2 than in shallower zones. In July 1973 (and in the south region in 
April 1973), there were large Naididae populations in zones and 1. Tt: ts very 
unlikely that such explosions would have been completely missed In prevlouH 
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summers. This was one of the most dramatic examples of year^-to-year changes in 
zoobenthos at the Cook Plant. There were no indications that one region had 
consistently more or less Naididae than another. 

The last figure in this series (Fig. 21) shows the quantities of 
Sphaerium striat-inum found in the surveys. This species was rare in numbers 
but relatively large in size (mature specimens usually over 1 cm long) and 
it would appear more important if data were reported by biomass. The figure 
calls attention to the tendency for this species to be more abundant in the 
Cook r(=gion (zones and 1) than in either the north or south regions. This 
is the only taxon for which such a tendency has been noted. Standard errors 
often approached or equaled the mean, as for S. nitidum (Fig. 18) so that the 
differences apparent in the figure may be deceptive. 

The other taxa listed in the corresponding tables were relatively rare 
and showed no particular regional or seasonal patterns of abundance. In the 
interest of economy of space, further illustrative figures have been omitted 
from this report. 

The short surveys and seasonal fluotuati.ons 

Beginning in May 1972, a set of 9 stations was sampled in the months 
between April and November when major surveys were not conducted. They were 
stations of the systematic grid (Fig. 1), mostly along the D transect with the 
addition of a station (DC-0) near the entrance to a temporary safe harbor 
which was installed during construction of the plant. Stations SDC-.5-1 and 
NDC-.5-1 provided additional information about the , zoobenthos at depths less 
than 8 m, and gave continuity when intake pipes and riprap were installed over 
station DC-1. The purpose in sampling these stations was to be able to detect 
seasonal events which occurred in months other than major survey months. No 
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collection was obtained in November 1973, due to bad weather and ship schedu- 
ling difficulties. 

The data for short surveys are given as means and standard errors for 
each station and survey, and for most taxa identifiable without the compound 
microscope (Tables 16-24). The short surveys of May and June 1972 have 
already been listed (Mozley 1973a) but additional taxonomic detail is given in 
Tables 16 and 17. The Sphaepium species and types of Gastropoda were not 
distinguished by oversight when some samples were sorted (Table 19), and we 
have been unable to locate some of the preserved replicates from stations for 
which those distinctions were omitted. 

The month-to-month mean numbers in major zoobenthic taxa have been 
drawn from these tables and from the Cook region (D) in Tables 12 to 15, 
and combined with grid data from the central part of the survey area in July 
1970 to April 1972 (Mozley and Garcia 1972; Mozley 1973b, 1974; and Table 11 
above) to cover the entire span of the Cook Plant benthos surveys. The 
stations of the D region from each survey were combined by depth into the four 
benthic zones and converted to numbers per m^, then means and standard errors 
were calculated when possible (some grid surveys yielded only one observation 
in benthic zones D 2 or D 3). The resulting means were plotted against month 
and year by depth zones for the more abundant taxa (Figs. 22-28). The figure 
in this series for Pontopore'uz has been placed in a separate section titled 
"Seasonality of Pontoporeia size distribution." 

Total animals (Fig. 22) were most abundant in summer and fall in each 
depth zone. This seasonality was more pronounced in the three shallower 
zones. The monthly survey with the most animals varied from year to year and 
zone to zone. Each zone had higher numbers of total animals than the next 
shallower, and fewer than the next deeper zone, except on three occasions in 
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1972 when zone 1 had more than zone 2, 

The yearly maximum nimibers appeared to get larger in successive years, 
especially from 1972 to 1973. Three of the zones also showed numerical in- 
creases in 1972 over 1970 and 1971, but zone 2 did not. The apparent increas- 
ing trend may have resulted partly from clianges in methodology over this period, 
however. Addition of short surveys to the sampling program in 1972 increased 
the likelihood of detecting maxima of short duration which could have occurred 
in 1970 and 1971. As shown in the "Results" section above, the triplex ponar 
grab may have collected more animals per unit area than the standard ponar. 
Its use in the major surveys of July and October 1972 and all subsequent sur- 
veys corresponded to higher estimates of total animals, especially in zones 
2 and 3. Another change in the sampling program, i.e.., randomization of 
station locations for major surveys beginning in July 1972 may have contribu- 
ted to apparent increases also. This effe'ct is confounded with the use of 
the triplex ponar, however, and would be csxpected to vary from survey to 
survey as the locations of randomized stations change, so that it is difficult 
to test for it in the data. The greatest increase among the separate taxa 
was exhibited by Total Tubificidae, while Pontoporeia and Total Chironomidae 
increased very little. 

Total Tubificidae (Fig. 23) played a major role in the fluctuations of 
total animals, particularly in zones 1 and 2. In those zones, tubificid woinns 
often contributed more than 50% of total animals, and the survey to survey 
variations of Tubificidae and total animals had nearly identical patterns. 
Total Tubificidae were relatively less Important in zone 3, but variations 
in numbers of tubificids still had marked effects on means for total animals, 
especially in 1972 and 1973. The standard errors of Tubificidae means within 
zones were much larger than for total animals, and much greater in proportion 
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to the means in 1972 and 1973 than 1970 and 1971 and in zones 0-2 than in 
zone 3. This was largely due to the fact that means for short surveys were 
based on fewer observations than those for major surveys, and major survey 
data in 1972-73 were collected with the smaller grab size. For instance, zone 

1 was represented on short surveys by only three observations at a single 
station (DC- 2), and by three (mean) triplex chamber observations from three 
different stations on sy sterna tic -random surveys, but by four to seven full-sized 
ponar observations from as many stations on major grid surveys in 1970-1972. 
Replication conducted in the grab comparison survey showed that Tubificidae 

was one of the most variable taxa in nrmbers per grab. There was no consis- 
tent seasonal pattern in nvmbers of Tubificidae, but April means were usually 
lower than many monthly means later in each year. 

Stylodrilus heving-tanus (Fig. 24) was one of the most abundant individual 
species in the survey area, particularly in zones 2 and 3. Its relative 
importance, however, diminished over the years as total animals and Tubific- 
idae increased. Its maximum numbers in 1972 and 1973 were greater than in 
1970 and 1971 in zone 2, but there was little year to year difference in 
zone 3. In both 1972 and 1973 there were population increases from April to 
July, followed by sharp declines between July and August surveys in both zones 

2 and 3. In 1972 a second increase was observed during the fall; 1973 surveys 
from that period have not yet been sorted. Corroborating data, such as abun- 
dance of cocoons or population size or maturity frequencies, have not beraa 
collected for Stylodrilus. 

Pisidiim spp. (Fig. 25) as a group contributed only slightly less than 
Stylodrilus to the number of total animals. Like Stylodvilus^ P-isidi-um was 
most abundant in zone 3. These smaller fingernail clams did not increase 
noticeably in survey estimates until 1973, and contributed insignificantly to 
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zone 1 increases In that year. There was no consistent seasonal pattern in 
survey data for numbers of Pisidium collected up to August 1973. 

Other taxa contributed only very small proportions of total animals. 
Sphaeriim niti-dim (Fig. 26) was extremely variable within zones, but was nearly 
always rare at depths shallower than 16 m. The broad standard errors for 
monthly means preclude any statements about seasonality of population size. 
There do not appear to have been any year-to-year increases in this species. 
Chironomidae (Fig. 27) were highly seasonjil in numbers in zones and 1, with 
July maximums in every year but 1970. There appeared to be no tendency toward 
year-to-year increases in nt-mbers in any zone. In zones 2 and 3, Chironomidae 
were less seasonal and had lower maximum numbers. As reported in earlier 
surveys (Mozley 1974), the species composition of Chironomidae changes markedly 
from spring into summer and again from summer to late fall. 

Pontopoveia af finis (Fig. 28) contributed somewhat to the trend of in- 
creasing total animals in zone 1, but less so in zone 2 and not at all in zone 
3, although it was the most abundant s3.ngle species in the survey area. The 
increases from 1971 to 1972 and 1973 in zone 1 were attributable to greater 
reproductive success or reduced mortality in the smaller size classes. The 
slightly larger populations of young could have been related to their early 
release in 1973. 

Seasonality of Pontopoveia size distpibution 

This is the most abundant single species in the survey as a whole, and 
has pronounced month-to-month changes in population size and age distribution 
in the shallower zones. These changes provide some information about the 
growth rate and the timing of reproduction, and can be compared from year to 
year to determine how often the population reproduces. Finally, size-distri- 
bution data can show whether increases in the numbers per m were the result 
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of recruiment of young by reproduction, or of older specimens by migrations. 

The general pattern of reproduction was outlined in Part XIII (Mozley 
1973a) and repeated in Part XX (Mozley 1974). There were too few P. affinis 
present in zone to analyze for size composition. In zone 1, a few Ponto- 
poreia were present in major surveys of 1970 and 1971, but in 1972 there were 

many more, and a June- Sept ember period of large numbers was contrasted with 

2 
lower numbers per m in earlier and later months each year (Fig. 28). In 

1973, April values were higher than in previous years, but still small in 
comparison to May- July data. August numbers were lower again, and September 
1973 samples showed a further decrease. The size data (Fig. 29) show that 
springtime increases were due to reproduction, for spent and gravid females 
in April were replaced by the smallest size class in later months. Unlike 
this month in previous years, April 1973 saw a predominance of the newly 
emerged young, and a few spent females. In 1973 the major annual recruitment 
appears to have occurred at least one and possibly two months earlier than in 
previous years. Despite the early release of young, however, the 1973 popula- 
tion size (length) distribution was practically identical to 1972 size 
distribution by August. At depths of 8-16 m, P. affinis appears to have a one 
year life cycle. 

As far as present data extend, it appears that a sharp late summer or 
late autumn decline in P. affinis populations occurred in benthic zone 1 and 
possibly zones 2 and 3 as well. This decline did not occur in the same month 
from year to year. In 1970 and 1971 it appeared to happen between September 
and November, between August and September in 1972, and in 1973 there was a 
sharp drop in zone 1 between July and August. Data from fish larvae tows in 
1973 indicate that Pontopopeia occurred in the water column in August but not 
In earlier months. This could be interpreted as a late-summer /autumn pattern 
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of seasonal mortality and offshore migration. Fish stomach contents analysis 
for 1973 Is underway, but summer-autumn stomachs have not been analyzed yet. 
They would support the h3^othesls of seasonal mortality if they indicated a 
major Increase in predation on Pontoporeuz in August. 

As has been pointed out (Mozley 1974), the spent females, i.e. those which 
have released their young and are dying, were in evidence a month earlier than 
the young they must have released. The most likely explanation for the 
absence of young in these samples is that they are anall enough to escape 
through our screens. Still, it is surprising that none at all were caught 
when other minute animals such as harpacticoid copepods and nematodes were 
frequently retained in the collections. 

In benthic zone 2 there was usually a wider spread of size groups present 
in any given month. The once-yearly reproductive cycle appeared to be true 
of this depth interval just as for zone 1,, except that spring release of 
young was somewhat later (a few weeks?) than in zone 1. This difference was 
maintained thiough 1972 as a slight lag in growth in zone 2, so that in 
November 1972 zone 1 Pontopoveia were almost all longer than 5 mm while those 
in zone 2 were mostly shorter. A small percentage of Individuals in zone 2 
did not mature in a single year. The very successful reproduction in 1972 
and 1973 obscured these few slower individuals in the percentage data but 
they were more in evidence In 1970 and 1971 (Mozley 1974). 

In benthic zone 3 there were at least two year classes present in every 
month. Some reproduction occurred in spring and early summer each year, but 
growth beyond a length of 3 mm was relatively slow. The influx of young 
appeared to begin as early as May and continue through the summer. As in 
shallower zones, spent females were the most common mature individuals. 
Even so, they were never a major proportion of the population between May and 
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November. Clearly, most of the maturation, mating and brooding of Pontopoveia 
to depths of at least 40 m (outer limit of the survey) occurred in the months 
between November and April, and population maximums occurred in summer and autumn 
when the young were released from the brood chamber. The seasonal fluctuations 
in population size were much greater proportionally in the shallower zones. 

All of the pronounced increases from one survey to the next in number of 

2 
Pontopoveia per m were accompanied by appearance of a large percentage of 

the population in the smallest size classes. If interzonal migration of 

older individuals was taking place, it was numerically unimportant to the 

populations. Migration from the shallower to the deeper depth intervals 

2 
would be very difficult to detect, however. The number of P. affvnis per m 

in shallower zones was smaller than in deeper zones, and the surface area of 

lake bottom within zone 1 was considerably less than that within zone 2 i^e.g.. 

Fig. 47 on p. 220 in Mozley 1973a). Even if a substantial proportion of the 

amphipods from zone 1 were migrating from zone 1 to zone 2, the change in 

abundance and age distribution of zone 2 populations would be negligible in 

comparison to the variation among replicates within that zone. 

MACROINVERTEBRATES IN FISH LARVAE TOWS 

As a result of the discovery of benthic animals in Intake water during 
pump trials in winter 1973 (Mozley 1973a), we decided to attempt an estimate 
of the amount of macro invertebrates suspended in the water column as a part 
of the monthly surveys. The design for collections of fish larvae was ideally 
suited to this purpose so those samples were used for estimates of macroinver- 
tebrates as well. Full description of the methodology of fish larvae collec- 
tions is contained in the section on fish in this special report. 

The differences in species of macroinvertebrates found in grab samples 
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and in fish larvae tows (Table 2) were considerable. A total of 28 species, 
21 of which are mites or insects in several orders, have been identified so 
far only in fish larvae collections, while 47 species have been found only 
in grab samples (mainly Mollusca and Tubif icidae); 31 occurred in both (mainly 
Chironomidae, Naididae and Crustacea) . Several of the Chironomidae which 
were found only in fish larvae tows are more typical of habitats such as 
algal growths on pilings and rocks or aquatic macrophytes (e.g.^ Cviaotopy-S 
cfr. syZvestvis, TanytavsuSj Rheotany tarsus ) . A few forms in fish larvae 
tows would be expected to be only accidental inhabitants of Lake Michigan, 
such as the dipterans Simutiion and Tipula. Evidently, the influx of animals 
from other bodies of water at the edge of the lake (e.g-.. Grand Marais Lakes) 
and the importance of rocky substrata are greater than would be expected in 
this part of the lake. The water mites are probably planktonic most of the 
time. Fish larvae tows sampled much larger amounts of habitat than grab casts. 

Macroinvertebrates in fish larvae tows were taxonomically diverse, but 

3 
relatively sparse in most collections. Total numbers per m are plotted 

against month of collection at night and in the day in fish larvae tows in 

Figs. 30 through 36. There were never more than 2/m in the water column in 

the daytime (mean of 2-4 fish larvae tows) . March tows in the surf 

(stations A, B and F) caught very few macroinvertebrates, but many times more 

appeared in May. Small and large-scale spatial variability in the size of 

the concentrations and in the ratio of day to night abundance was sometimes 

large. This indicates that local and transitory action of wind, waves and 

current on the bottom may readily overshadow a typical nocturnal migration 

behavior. Moreover, the time of day or night when the fish larvae tows were 

made varied from station to station and month to month. As a rule, however, 

nocturnal densities of swimming macroinvertebrates were much greater than in 
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the daytime, and 1973 densities, at least, were maximal in July. 

Four taxa made up most of the macroinvertebrates (Figs. 37-40). Pontopo- 
veia was rare except in August, even though it was present in grab collections 
from zone from April through July. The other three taxa were present in 
almost every nocturnal tow. Hydracarina showed some tendency to avoid the 
shallowest sampling stations, surf locations A, B and F (approximately 1 m 
deep) . Naididae and Chironomidae densities corresponded to the pattern of 
benthlc abundances for each, i.e. ^ there was a large maximum for both in 
July 1973. Data from daytime collections and months before May were not 
illustrated due to the lack of sufficient numbers of specimens. 

The densities of the more abundant and frequently-occurring species in 
night tows in July 1973 are shown by station in Figs. 41, 42 and 43. The 
larval instars of Chironomus are shown separately within each histogram 
column to point out the predominance of the smaller, early instars among lar- 
vae above the bottom. The first two instars are small enough to escape 
through the benthos screen, so that their benthlc abundances were greatly 

underestimated in the grab casts. When densities of swimming larvae in the 

3 
later instars (0.5 to l.O/m ) were compared with grab data, it was found that 

very small percentages of chironomid populations were above bottom, even at 

night in July. The grab collections from zone SO in that month yielded an 

2 3 

estimated mean of about 2900 Chironomidae/m . Assuming a density of 1/m 

over that zone at night for larger larvae and a mean depth of 4 m, approxi- 
mately 0.14% of the larger benthlc larvae became planktonic at night. The 
proportion of smaller, early instar larvae which move into the water 
column at night may be larger than this. 

The species composition of Chironomidae larvae was very different in fish 
larvae tows in the surf (stations A, B and F) from that of zone benthlc 
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FIGURE 37. Percentages due to the more abundant taxa of macroinvertebrates at each fishing 
station (large letters) in May 1973, #2 plankton net. Numbers in parentheses are totals 
caught at each station. C = Chironomidae, N = Naididae, H = Hydracarina, P = Pontoporeiai 
= other taxa, * = insufficient specimens. 
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FIGURE 38. Percentages due to the more abundant taxa of macroinvertebrates at each 
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FIGURE 39. Percentages due to the more abundant taxa of macroinvertebrates at each fishing 
station (large letters) in July 1973, #2 plankton net. Numbers in parentheses are totals 
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FIGURE 40. Percentages due to the more abundant taxa of macroinvertebrates 
at each fishing station (large letters) in August 1973, #2 plankton net. 
Numbers in parentheses are totals caught at each station. C = Chironomidae, 
N = Naididae, H - Hydracarina, P - Pontoporeia, - other taxa, * - insufficient 
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FIGURE 41. Numbers per cubic meter of the two types of 
Chironomus larvae, first instars of both (combined) and total 
Chirohomini pupae in nocturnal tows of the #2 plankton net 
at fishing stations (letters along abscissas) in July 1973. 
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samples. Selected grab casts were sorted to species for preliminary com- 
parisons. The most abundant larval types were Cladotany tarsus sp. 2 and 
Chironomus fluviatilis-group, with former about 3 to 4 times as numerous as 
the latter. Pao'aoladopelma tylus, p. cfr. ohsoura and several other species 
contributed the remaining 5-15%, In fish larvae tows in the surf, however, 
Pseatpoeladius cfr. simulans larvae (and Conahapelopia sp. at F) were very 
numerous, with lesser contributions from Chironomus fluviatilis-group and 
Paraatadopelma nereis (Figs. 41 and 42). Farther from the beach (stations C, 
D, G and H) the only abundant chironomid In fish larvae tows was C. fluviati- 
lis-group. Conahapelopia sp. was not plotted in the figures because it was 
absent from the other fish larvae sampling stations. Sinillarly, Criaotopus 
cfr. sylvestris was numerous only at night at station F, but occurred occa- 
sionally at stations C (daytime) and D. 

The species which accounted for almost all Hydracarina was Hygrobates 
longipalpis, a predator on the pupae and adults of Chironomidae. This species 
was relatively abundant (>2/m ) in the surf tows only in July night collections 
at station F (Fig. 43), which was also the time and place of largest densities 
of Chironomidae pupae. 

Potthastia cfr. tonyimanus has been very rare in earlier summer benthic 
surveys, so its frequent presence in July fish larvae tows was somewhat 
surprising. All individuals in fish larvae collections were in the small, 
early instars, and probably escaped through the screens in which grab collec- 
tions were washed. 

The Naididae in fish larvae tows were also very small, and composed of only 
a part of the species common in zone grab samples. Most were in the species 
Eais pardalis and Stylaria laaustris (Fig. 43), while Chaetogaster^ Unoinais 
uncinaixLi Piguetella miohiganensis and Ophidonais serpentina were often more 
abundant than these in grab samples. 
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Ooauvrenaa of Myeio veli-ata 

Mysis occurred occasionally in all types of samples of macroinvertebrates. 

In preliminary daytime collections from the Cook Plant's intake forebay in 

3 
February 1973, My sis density was 0.14 individual per m . In tows of the #2 

net at fishing stations in the lake, Mys-is was less common. In the months of 

March, June and July 1973, none were collected at all. In April and May 1973, 

Mysis was collected at night at two stations in each month, but its density 

3 
(0.015 to 0.02 per m ) at those stations was little more than one-tenth that in 

February intake forebay collections. At other stations and in the daytime, 

none were collected. In August 1973j, Mysis was slightly more conmon, occurring 

3 
at three stations at densities from 0.017 to 0.091 per m . Again, none were 

collected in the daytime. 

Mys-ts occurred in grab-samples from be^nthic zone 3 consistently, except 

for the July 1972 survey. Abundance estimaites in this zone ranged otherwise 

2 
from 10 to 150 per m (average over all ponar casts from this zone in each 

survey), with the largest concentrations occurring in July and August 1973. 

Mysis was present in zone 2 on only four of the fourteen 1972-73 surveys which 

have been sorted so far. In those four surveys, abundance estimates were be- 

2 
tween 2 and 32 per m . Collections in zones and 1 included MysT,s only in 

2 
July 1973, at mean abundances of 1 and 4 per m , respectively. Trawl collec- 
tions occasionally included My sis ^ but no records of numbers or frequency have 
been made. 

Mysis tended to be most numerous in zone 3 (grab data) in 1972 and 1973 in 
the month of August, but in 1972, October was the month with second-greatest 
abundance. At this point, our collections are inadequate to determine whether 
seasonal regularities exist in Mysis population sizes from year to year. It is 
clear that Mysis is generally rare of absent in the shallower zones near shore, 
at least from April to November. 
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DISCUSSION 

DETECTION OF CHANGES 

The capability to detect future changes is one of the most important 
issues in preoperational environmental surveys. Many judgments of change in 
Great Lakes benthos have been primarily qualitative and based on information 
from relatively few years or seasons. The fact that these judgments have 
been accepted shows that such subjective approaches will continue to re- 
ceive attention. However, it will also be necessary to estimate the prob- 
abilities of making errors in these judgments. 

The sizes of changes in numbers of total animals per unit area which 

will be statistically detectable in comparison to preoperational means have 

2 2 

been calculated to be about 4000/m in benthic zone and 21,000/m in 

benthic zones 1-3 (Figs. 9 and 10). In zone 0, this represents about 160- 

A50% increases in monthly means (compare Tables 12 through 15) , while in zones 

1-3 it represents 60 to 650% increases (or decreases) , largely depending on 

the zone. Deeper zones usually require lower percentage increases in the 

means to exceed the least detectable true difference because the present 

means are high (and their relative variability is less). The Limnetics, Inc. 

preliminary study of zoobenthic numerical variability at depths of less than 

7.4 m (R. Sayrs and J. Zar, personal communication*) indicated that differ- 

ences greater than 1400 per m (about 2-3 times the overall mean in that area) 

would be detectable statistically at the .05 significance level and the .99 

power level. No other zoobenthos study to our knowledge has attempted this 



*Dr. Zar and Mr. Sayrs adapted this approach to zoobenthos data independently, 
and suggested the use of wi thin-cell sums of squares as a basis for the calcu- 
lation. Dr. Johnston of our group originally suggested the formula for 6 to 
me and advised me in setting up the calculations. 
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sort of estimate of survey sensitivity. 

A few researchers have considered the relationship of number of repli- 
cate observations to precision of estimates. Dugdale (1955) determined the 
precision of numerical estimates of Chirofzomus larvae in Lake Mendota as a 
function of number of grab casts, and found that 10 to 25 casts would be nec- 
essary to obtain a standard-error-to-mean ratio of 0.1 consistently. This 
was more casts than the available time and support would allow if he were to 
complete the primary objectives of his stiady of secondary production, so he 
was forced to accept poorer precision levels (0.5 - 0.85) derived from a 
maximum possible sample of 5 replicates per station. Beak Consultants, Inc. 
(1972) reported a test of the effect of reducing the number of observations 
per station from 6 to 3 at several stations on the mean and variance of 
total animals and of a species diversity index. Their approach was to cal- 
culate F-ratios and "t"-tests for differences between the variance and mean 
of a random subsample of 3 of the 6, and the same parameters for all six 
observations. Since the data compared were not independent, the tests were 
invalid . 

Other attempts to determine the necessairy number of replicates have not 
been subject to error probability statements. Brinkhurst (1967) compared 
the percentage composition of Tubificidae species in 4 grab casts with that 
from 60 casts at the same station, and finding no major differences, concluded 
that 4 casts adequately represented Tubificidae composition at any station. 
Longhurst (1959, and reprinted in Ford and Hazen 1972) proposed and illustrated 
a method for sequential comparisons which counseled the investigator to take 
only enough replicates to detect the presence of those species contributing 
importEint fractions of the total numbers. When new species recruited in two 
or three successive grabs made up less than about 5% of the total to that 
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point, replication was halted. Elliott (1971) outlined a method for deter- 
mining the number of replicates necessary to achieve a given standard-error- 
to-mean ratio, and suggested that a ratio of 0.2 was practicable and appro- 
priate. Many investigators have had misgivings about the capability of 
their data to support conclusions statistically, and have responded simply 
by avoiding interpretation of differences unless they exceed a factor of 10 
(e.g., Johnson and Matheson 1968). 

In the comparison of number of replicate observations with least 
detectable true difference (6) , it was found that even very large numbers of 
replicates did not permit detection of changes on the order of 50% increases 
or decreases in the mean. Thus a practical limit is set to the sensitivity 
of any survey by natural spatial variability of the zoobenthic distributions, 
i.e., the occurrence of occasional, very dense patches of animals. The ad- 
vantage of taking additional replicates on a single survey becomes propor- 
tionally very small between 5 and 10 replicates per zone, and this is due 
more to other coefficients in the formula for 6 than to the natural population 
variability. Both the rate of change of the t-values and of the standard 
error per unit change in number of observations (or degrees of freedom) de- 
creases with increasing n. The 15 replicates per zone in benthic depth zone 
regions were not excessive however, for the means for total animals were 
lower and the relative variations were greater than in deeper zones. Also, 
this zone will be the most directly exposed to discharge effects. Relatively 
little additional laboratory time is required to sort more casts from this 
zone, because numbers per cast are low. The 9 replicates per zone farther 
from shore constituted a practicable and efficient sampling effort when Set 
against the small advantage which would be obtained by further sampling. 

Because transformation of the data offered the advantage of permitting 
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statistical detection of extinction of the animals from a zone, its use will 
be continued in further analysis. It would appear that extinction is a more 
serious form of environmental change than increases in total animals , parti- 
cularly since there is some indication that a few taxa have been increasing 
from year to year in the lake before plant operation. 

The question of our capacity to detect shifts in species composition of 
zoobenthos has not been confronted statistically as yet. One approach would 
be to apply the procedure for least detectable true difference to individual 
taxa vrhich were judged to be important in ecological interactions within the 
lake. Since estimates of numbers of Pontoporei-a and total Chironomidae were 
more precise than for total numbers, the values for 6 would be smaller re- 
lative to the means , but changes in P-tsidiumj Sphcusriim or total Tubif icidae 
would have to be much larger to be statistically significant. Another 
approach would be to apply techniques such as coefficient of community 
(Johnson and Brinkhurst 1971) or discriminant analysis (Green 1974) to the 
species composition data. These techniques are not subject to error-probabil- 
ity statements, however. This has not been done with our data yet, but the 
year-to-year increases in importance of Naididae in benthic zones and 1 
indicate that these measures too, may have considerable preoperational var- 
iability in nearshore Lake Michigan. 

The illustrations of the effects of increasing the number of replicates 
on percentage species composition at the two ponar comparison stations (Figs. 
7 and 8) are analagous to Longhurst's (1959) approach. Although only a few 
replicates were needed to show the presence of common taxa (except for 
Paraotadopelma cfr. rolH at SDC-.5-1) , between 8 and 10 were collected 
before the rank order was the same as for all 30 casts combined. If the 
freakish patch of Pisidivm were omitted from the data at DC-4, the final 
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rank order would have been different (.Pontoporeia dominating) and would have 
been reached after fewer replicates. Longhurst's finding that 4 or 5 repli- 
cate casts were sufficient to detect the presence of the more numerous species 
at a marine station was more or less true at the two ponar comparison stations 
here. However, no generalizations can be drawn because so few stations have 
been extensively sampled. 

SPECIES COMPOSITION AND BENTHIC ZONATION 

The species composition of zoobenthos at the Cook Plant in April 1972 
did not reveal any pronounced changes from earlier surveys when regular 
seasonal differences were taken into account. The largest onshore-offshore 
differences occurred at a depth of about 8 m. Shallower than this, Chironomus 
f luviatilis-group , immature Tubificidae and Cryptodhix'on.omus sp. 2 were the 
most numerous taxa. The summer species of Paraoladopetma and Paraahironomus 
(Mozley and Garcia 1972; Mozley 1974) were rare or absent. Beyond the 8 m 
depth contour, numbers and kinds of zoobenthos increased rapidly. Between the 
8 and 24 m contours (benthic depth zones 1 and 2) total animals varied widely 

from station to station. Deeper than 24 m, most stations had populations over 

2 
10,000 per m . This pattern has been explained previously (Mozley and Garcia 

1972) as the result of factors controlling sedimentation. Where wave action 
and nearshore currents keep the sand bottom in almost continual motion, few 
benthic animals can find suitable food and shelter. As fine sedimentation 
increases with distance from shore (see also Seibel 1974) , animals which 
ingest or filter fine particles for food find much better living conditions. 
In the transitional zones between the surf and the zone-3 muds, the irregular- 
ity of sediment grain sizes and accumulation rates probably has a large 
effect on numbers of benthic animals. It should be remembered, however, that 
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visible sediment differences at the ponar comparison stations were not help- 
ful In explaining faunal patchiness. Other causes of patchiness could result 
from the relatively low mobility of the viviparous Sphaerlldae and the Oligo- 
chaeta. Oligochaeta should tend to reproduce more frequently and successfully 
where food is abundant, and they are not known to have any dispersal mechan- 
isms other than by crawling or accidental transport in lumps of substrate 
(Tubificldae and Lumbriculidae) . Brinkhurst, Chua and Kaushik (1972) 
found that Tubificldae species can interact symbiotically to improve growth 
rates and feeding efficiencies , and implied that some species may seek one 
another out and live preferentially in clumps. More mobile taxa such as 
Pontoporeia and Qiironomidae (Mmndie 1959) should be and usually are (Tables 
5 and 6) more randomly dispersed. 

A few species appear to be distributed dls continuously with increasing 
depth, especially Sphc^rium nitidvm and Stylodrilus hevingianus . Their 
higher abundances were at similar stations. Lakeward from the beach, high 
numbers began rather abruptly around a depth of 20 m (Table 11) . This 
corresponded approximately with a break in the percentage silt in the sedi- 
ments analyzed by Seibel (1974). It is also near or just below the lower 
extent of the usual summer thermocline (exclusive of seichlng) . Only three 
species appear to be restricted mainly to depths over 24 m, Hetevotrissootad- 
ius cfr. subpilosuSj L-imnodrilius lAdekemtccnvB and Mysi-s vetiata. The last 
almost certainly occurs nearer shore (Re3molds and DeGraeve 1972) but is rare 
and can probably avoid daytime grab-samples easily near the well-lit, shallower 
bottoms. 

The most abundant single species in the survey area, as in Lake Michigan, 
as a whole, was Pontoporeia af finis. Tubificldae as a group were often more 
abundant in the central and southern regions, however. The tendency toward 
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2 
more Oligochaeta, proportionally and in numbers per m , in the southern part 

of Lake Michigan was first noted by Cook and Powers (1964) and Powers and 
Robertson (1965), and later by the U. S. Department of the Interior (1968) 
and Mozley and Alley (1973). All authors took this as an indication of pollu- 
tion or enrichment of the southern region, at least in comparison to central 
regions of Lake Michigan. The apparent increases in Tubificidae over the 
years of the Cook survey suggest that the Oligochaeta are still increasing, 
and may even be doing so at an accelerated rate in the last few years. Im- 
provements in technique may be responsible for some of the apparent increases , 
however. 

Although Cook and Powers (1964) suggested that materials introduced into 
Lake Michigan by the St. Joseph River were a primary cause of increased 
Oligocheata, present data indicate that the southern region of the survey 
area is more enriched than the northern region, which is much closer (only 
a few km SW) to the river mouth. Mozley and Alley (1973) showed that dense 
patches of worms and higher numbers of worms overall were most often found 
at depths less than 40 m. We proposed that materials added by rivers were 
redistributed and deposited irregularly over large regions of the nearshore 
zone. This could mean that there might be no obvious relationship of numbers 
of zoobenthos to point sources of enrichment along the shoreline. 

The species composition of Tubificidae also indicates some effects of 
eutrophication in the survey area when compared with the criteria of Brink- 
hurst (1969) . The most numerous species were Limnodrilus hoffmeistevi and 
Poixzmothrix motdaviensis in April 1972, but Tvbifex tubifex^ L-irmodrilus 
aervixj L. QtaparedeianvB and Petosaolex frey-i were common in summer and 
autumn surveys (Mozley 1973 and 1973b) . This assemblage occurs near the 
"eutrophic"-"mesotrophic" boundary in the Brinkhurst system of benthic 



124 



enrichment levels. Unusually dense patches of Oligochaeta are often composed 
mainly of L. hoffme-isteri and L. aerm-x or Tubifex tubifex immatures. 

The tendency for Tublflcldae to be more abundant toward the south region 
was mirrored to some extent by a tendency for 'Bcntagoveia to be more 
numerous in the north region. Declining numbers of Amphipoda (= Fontopove'lci) 
from Benton Harbor southward were also noted by Powers and Robertson (1965) . 
Reduced numbers of Fontoporeia were taken as an indication of pollution by 
the U. S. Department of the Interior (1968). These and other indicative 
characteristics of the Cook area zoobenthos show that many "oligotrophic" 
specie^s are still well established, but the species assemblages have changed 
and are probably still changing toward those characteristic of polluted near- 
shore areas of the Great Lakes. 

Comparison of species found at the Cook Plant with those recorded from 
other areas of the lake is difficult, because so few other nearshore surveys 
have provided full species data. Truchan (1970) found many kinds of Chiron- 
omidae near the Campbell (fossil-fuel) Power Plant at Port Sheldon, just 
south of Holland, Michigan, but the names he used were not directly comparable 
to those used here. Upon reexamination of his reference slides at the 
Department of Natural Resources in Lansing , they were found to include all 
the species which were characteristic of zone in the Cook area, but also 
a few individuals in another genus, Diarotendi-lpes ^ and other species in 
familiar genera such as Paraohtronomus cfr. dbortivuSf P. cfr. peatinatellae 
and Polypedilum cfr. illinoense. He found Hydlella azteoa and a species of 
Gammaridae, which are either not present or very rare in the Cook area. 
Pelosaolex freyi is the only Tubificidae species near the Cook area which is 
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rare over most other parts of Lake Michigan (Hiltunen 1967; Howmiller and 
Beeton 1970) . Sphaevium nitidim is much more numerous near the Cook Plant 
than has been reported for any other part of the Great Lakes (Mozley and 
Garcia 1972). The latter two species are both common in reference areas as 
well as some distance from shore near the plant, so there is no reason to 
believe that the entire populations of these organisms will be seriously 
damaged by plant effects. Sphaerium stviat-Cnum, which was somewhat more 
numerous opposite the plant than in the reference areas, is one of the more 
widespread and common Great Lakes Sphaeriidae (Brinkhurst et al. 1968; Henson 
and Herrington 1965; Robertson 1967). 

The variety of species which occurred in fish larvae tows, and their sheer 
numbers in July night samples, were at first a bit surprising. The nocturnal, 
vertical migrations of larger Crustacea have been known for about a decade in 
the Great Lakes (Beeton 1969; McNaught and Easier 1966; Marzolf 1965; Wells 
1968), but the dominant taxa in fish larvae tows near shore were Chironomidae , 
water mites and Naididae. Modlin and Gannon (1973) report the occurrence of 
water mite species in plankton collections, including the one which was most 
numerous at the Cook Plant, Hygrobates tongi-palpis . The first instar of many 
Chironomidae is planktonic, apparently as a dispersal mechanism in lakes 
(Lellak 1968; Oliver 1971). Later instars have also been found above bottom, 
however, and especially at night. The most detailed report of migrating 
benthos was presented by Mundie (1959) in Lac la Ronge, Saskatchewan. He 
found Mysis Teliata, Pontoporeia affinis^ Hyalella azteca^ Ephemeroptera, 
Ceratopogonidae (Diptera) , Chironomidae in at least 3 genera and water mites in 
surface tows of a 0.75 mm mesh net, and showed that almost all migration 
occurred at night. His most numerous taxon was a chironomid in the genus 
Pvooladi-us (.- Psilotanypus) which was observed at densities iapproximating 
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3 
20 per m . This was about the same as for total chironomids at the Cook Plant. 

Our winter collections from the intake forebay with plankton nets included 

Proaladius (Mozley 1973a) . Pennak (1953) states that Naididae often swim, 

but there appear to be no reports of such behavior in the Great Lakes. 

Although diverse and occasionally abundant in fish larvae tows, zoobenthos 
above bottom were never more than a small fraction of those in the bottoms 
below. Although only a small proportion of total Chironomidae were found above 
bottom at any given time, most larvae are probably planktonic at one or more 
periods in their development, and especially in the first instar. The con- 
ditions of maximum migration appear to be summer nights when Chironomidae are 
pupating or hatching from the eggs into planktonic larvulae. Some species 
have stronger tendencies to migrate than others in this taxon. Explanations 
for the coincidence with mass movements of Naididae are not yet apparent. 

The lack of winter data could be deceiving with regard to the absence or 
rarity of larger Crustacea. Intake forebay collections (Mozley 1973a) yielded 
mature male Pontoporeia, and 1974 winter fish larvae collections near the 
beach included Mysis vetiata. Onshore migrations of these larger Crustacea 
in winter could lead to large amounts of midwinter benthos entrainment. 
Whether or not entrainment will be lethal to either summer or winter migrants, 
and if so, whether or not this will have a measureable impact on local popula- 
tions remain to be seen. 

SEASONAL CHANGES 

Strong patterns of seasonal abundance were characteristic of Pontopore'Ca 
and Chironomidae, and Naididae in zone 0. Annual Pontoporeia reproduction, 
which caused early summer increases in population densities, was described by 
Alley (1968) . At depths over 35 m, seasonality of reproduction and abundance 
was much less. The large increases in numbers of Chironomidae in shallow 
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water at the Cook Plant were also associated with reproduction, but in this 
case the animals were caught just prior to pupation and emergence as adults. 
From the egg to the last larval instar, the species which accounted for most 
of the seasonal fluctuations were so small that every individual escaped 
through the benthos screen. These were Paraoladopelma cfr. votli^ P. tylus 
and Paraohiponomus cfr. deme-ijerei. Similar losses of early instars take place 
in rarer species, also, but have less impact on total Chironomidae numbers 
(e.g., Potthastia cfr. longimanus and Monodiamesa tuhevauZata) . The larger 
species are retained on the screen in the last two instars, and consequently 
appear to fluctuate less in time {Chivonomus and Cryptochironomus sp. 2). 

The largest increases in abundance occur in early to mid-summer, and 
include less well-defined increases in the Tubificidae, also. This is some- 
what later than the spring phytoplankton bloom in the nearshore area (Dr, E. 
F. Stoermer, personal communication) . The relative effects of photoperiodism 
and temperature in controlling the rate of maturation and development is not 
known for species in the Cook area. 

Absence of winter data leaves us in some uncertainty about reproduction and 
growth between November and April, but intake forebay collections when the 
Cook Plant becomes operable will provide insight into these processes. In 
general, total animals and individual taxa decline in abundance over winter, 
and early spring is the season of smallest population densities. From size- 
frequency data, it is clear that Pontoporeia matures and reproduces in mid- 
winter at the Cook Plant, just as it does in many other North American lakes 
and the Baltic Sea (Segerstrale 1971). The deeper stations at the Cook Plant 
are shallower than the approximate depth at which summer mating can occur 
regularly. Segestrale (1971) indicates that the onset of gonad maturation 
is determined by decreasing day length In autumn. 
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The rate of development of the young Pontopoveia in brood chambers of 
the gravid females appears to be temperature-dependent. In 1972, the smallest 
size class first appeared in benthic zone collections between the May and 
June surveys (Fig. 29), but in 1973 this class was already present before the 
April survey. Data on daily maximum and minimum temperatures at a depth of 12m 
from the St. Joseph, Michigan, city water intake a few kilometers north of the 
Cook survey area have been presented in earlier reports (Ayers, Soo and Yocum 
1972; Ayers 1973). Those data were converted to degrees centigrade and the 
maximum and minimum for each day were averaged. The daily averages were 
summed over the period from January 1 of each year to the date of each survey 
in 1972 and 1973 to serve as an estimate of the cumulative thermal exposure 
of gravid females. In 1972, the sum was 301" before the May survey, and 
659° by the June survey when the <3 mm size class was found in zone 1. In 
1973, the sum was 418° before the April survey, and free-living young were 
already present in zone 1. These data suggest that a sum of about 350° is 
required for completion of development in the marsupium. If an area of 
bottom were heated to a constant 4°C throughout the winter, release of young 
could occur before April 1. 

The effect of early release of young does not appear to have been very 
great for Pontopoveia abundance, since only small increases occurred from 
1972 to 1973. Clearly, a wide range of natural variation in date of release 
occurs in the absence of artificial thermal influences. Despite the addition- 
al growing time, zone 1 Pontopoveia had not advanced beyond the second size 
class (3-5 mm) in July 1973 and so were at about the same stage of develop- 
ment as in July 1972. Other factors may limit growth of Pontopoveia besides 
temperature after release from the marsupium. 
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POTENTIAL EFFECTS OF THE COOK PLANT 

Many data on numbers, sizes and kinds of zoobenthos have now been collect- 
ed near the Cook Plant before it has begun to operate. Still, many questions 
remain about the extent of damage or stimulation which might occur among 
benthic animals, and about the spatial extent of the heated plvmie in winter, 
when it can become more dense than the unheated lake water. At this point, 
we can only speculate about some of the possibilities which could result, 
based on perhaps unrealistic projections of plume extent and effects. 

The direct, erosive effect of the jet discharge on the bottom has been 
controlled by covering the area in front of the jets with large rocks (rip- 
rap). This has created a new benthic habitat which has attracted species of 
animals different from those living in the sand bottoms. The rock becomes 
colonized within weeks after any shutdown of the pumps, and will be scoured 
when they start up again. This is of little concern with regard to benthos 
of sand bottoms farther away, except possibly for increases in organic sedi- 
mentation, the remains of organisms such as Cladophora which would be scoured 
from the rip-rap. 

The effects of a sinking plume are unlikely to be severe, for the temper- 
ature will be only a few degrees higher than ambient. This may accelerate 
development of affected organisms to some extent, and cause earlier maturation 
of Chironomidae or release of young Pontopoveia. Unless the sinking plume 
consistently flows over a particular area of bottom, even these effects would 
be so subtle that measurement would be difficult. 

The most severe effects on benthos which are presently imaginable are 
those of entrainment of animals which occur above bottom. At certain times of 
year, large numbers of animals may pass through the condensers, particularly 
at night in midsummer, and perhaps in midwinter. Entrainment has not produced 
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very high mortalities of zooplankton (Industrial Biotest Laboratories, Inc. 
1973), so entrained benthos may not necessarily be killed. Because of their 
size, however, which is small enough to allow passage through the traveling 
screens but large compared to most zooplankton, benthlc animals may suffer 
much heavier mechanical damage during passage. The entralnment losses, even 
if important compared to the number entrained, could probably be replaced 
rapidly because of the high fecundity of most invertebrates. PontopoTeia 
carries about 20 eggs per gravid female (Juday and Birge 1927). Chironomidae 
lay several egg masses per female, each of which contains several hundred 
to several thousand eggs (Oliver 1971) . Naididae reproduce readily by budding 
new individuals asexually from the caudal end of the body (Pennak 1953). If 
Naididae were completely eliminated by entralnment near the plant, the zoo- 
benthic species assemblage might not be detectably different from July 1970, 
when no Naididae were collected. 

The sensitivity of preoperational data to future changes is not very 
fine, for only increases of several multiples in observed abundance means 
would be statistically significant. Subtle effects of discharges or entraln- 
ment, causing lesser changes in numbers, will not be detectable, even if they 
occur. This is only partly due to the number of replicate observations avail- 
able before operation, however, since even much larger amounts of replication 
would not have given appreciably better sensitivity. 

When charged with the task of describing the benthlc animals as thoroughly 
as appears necessary, it is difficult to determine whether or not it has been 
completed. The final test will be the ability to make an unequivocal state- 
ment that the plant has or has not affected the zoobenthos several years after 
operation beings. At this point, only the magnitude and types of changes 
which could be detected can be outlined. The essentially descriptive data 



131 



give some insight into the changes which occur naturally from year to year, 
and show some of the major seasonal fluctuations of the benthic animals. 
Little or no information of this type has been available from Great Lakes 
benthic habitats previously. 
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THE PHYTOPIANKTON OF 1973 
John C. Ayers and Elzbieta E. Kopczynska 

Abstract. The results of monthly phytoplankton collections during April through 
October 1973 over a 7- or 8-station sampling grid in front of the Donald C. Cook 
Nuclear Station are reported and discussed. Intercomparisons between the 
abandoned UtermOhl method of • phytoplankton counting and the more recent Settle- 
Freeze method, which was adopted in July 1973, show that greater percentages of 
phytoplankters can be identified to species by the Settle-Freeze method than by 
the Utermohl method, though more cells per milliter are counted by the latter 
method. A second settling and decantation in the Settle-Freeze method appears 
to be probable cause of fewer cells being found by Settle-Freeze; a longer 
settling time before decantation in Settle-Freeze method appears to be the 
remedy to most of the cell count difference between the methods, for the second 
settling and decantation is a basic difference between the methods. Cell counts 
at the Cook Plant stations during 1973 ranged from 106 to 6,198 cells/ml, but 
the great majority of them were in the 1,000 to 2,000 cells/ml range. Dominant 
forms in 1973 were the diatoms Stephanodisous minutuSj S. tenuis^ Melosira 
gvanulata v. angustissima and Fragilaria orotonensis with flagellates appearing 
as a co-<iominant in April. The diatom Stephanodisous tenuis was heavily dominant 
in June when it comprised 59.7% of the phytoplankton population. 



INTRODUCTION 

During the field season of 1973, phytoplankton were collected monthly at 7 
or 8 sampling stations in the immediate vicinity of the Cook Plant (the number 
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of stations sampled depending upon the presence or absence of heavy dredging 
equipment on the station location) and seasonally at 36 sampling stations in a 
grid ranging 7 miles south and 7 miles north as well as 7 miles offshore. The 
minimal monthly surveys were designed to give information on the temporal suc- 
cession of species or groups, while the large seasonal surveys were designed 
to provide seasonal spatial distribution information and to be massive enough 
to capture rare forms that might not be taken in the limited monthly surveys, 
but which might be of value in assessing whether new forms were being added to 
the population. 

This paper addresses only the minimal monthly surveys; the large seasonal 
surveys will be reported later. A brief, but important, part of this paper 
deals with inter comparisons between the more-or-less standard Utermohl settling 
chamber and inverted microscope method of counting and identifying phytoplankton 
and the more recent Settle-Freeze method (Sanford, Sands, and Goldman 1969) which 
we adopted in July 1973. 

METHODS 

Figure 1 shows the collection stations designed to be used in the minimal 
monthly surveys during 1973. It was not possible to occupy all these stations 
in all months of the field season, because on the days when we could be there 
heavy construction equipment was on some of the station positions. Station DC-1 
is so near the plant discharges area that our small boats could not safely be 
operated near it in the presence of heavy dredging equipment. Unexpectedly, 
station DC-0 proved to be unsamplable in April, July, and October because of 
the temporary (but real) presence of dredging barges anchoring there. Collec- 
tions of phytoplankton were not made in November because bad weather (requiring 
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FIGURE 1. The minimal Cook Plant survey grid. Used in months between 
seasonal surveys. 
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staying in harbor) had exhausted the available time of the R/V MYSIS. 

At all stations other than DC-0, collections were made by Niskin bottle 
at one meter of depth; at station DC-0 a liter brown polyethylene bottle was 
held by hand below the water surface until filled. All samples were of one 
liter volume and preserved with UtermOhl's iodine solution with 25 ml of glacial 
acetic acid per liter added. 

After preliminary settling of the one liter samples, 900 ml of the super- 
natant liquid was siphoned off, and the remaining 100 ml swirled to resuspend 
the settled material. Of the latter, 18 ml were placed in a settling chamber, 
which has a mechanically held microscope slide as a floor, and settled for two 
days. The chamber was then very gently moved to set upon a block of dry ice 
until the bottom 2 or 3 ml of the water column were frozen. Removed from the 
dry ice, the chamber was allowed to thaw until it could be removed — leaving a 
wafer of ice and water on the slide. Dehydration was by placing the slide in 
a chamber of anhydrous alcohol vapor followed by a toluene vapor chamber. Cover 
glasses were attached with Peirmount. 

In counting, a horizontal and a vertical row across the slide were counted 
and identified at lOOOX under oil immersion on a Leitz Ortholux microscope. 

RESULTS AND DISCUSSION 

INTERCOMPARISONS OF UTERMOHL AND SETTLE-FREEZE METHODS 

Ten samples (from stations DC-0 and DC-2 collected on 17 May 1973, and from 
stations DC-3, DC-4, DC-6, NDC-.5-2, SDC-.5-2, SDC-1-0, SDC-4-3, and SDC-7-5 
taken on 25 April 1973) were used in the intercomparisons. Each sample was 
processed for identifications and counts of cells/ml by both the Utermtihl 
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settling chamber and inverted microscope method and by the Settle-Freeze method. 

Comparisons made between the two methods were: 1) number of forms iden- 
tified to species, 2) total number of forms recognized, 3) percent of forms 
identified to species, and 4) numbers of cells/ml. These comparisons are pre- 
sented in Table 1. 

Also made were comparisons of percentages of the population and of cell 
counts represented by each of the major algal groups. These are given in 
Table 2. 

Table 1 shows that higher numbers of taxa were identified to species when 
the Settle-Freeze method was used (a mean number of 34.9 taxa vs. 28.7 by the 
Utermt5hl method) . The mean number of total forms recognized by each method was 
46.5. The Settle-Freeze method allowed a mean of 75.2% of all forms to be 
identified to species, while a mean of 61.6% were identified to species using 
the Ute;nnOhl method. Mean numbers of cells counted were higher by the Utermohl 
method, as was pointed out by Sanford et al. (1969), who implied a somewhat 
greater efficiency of the Utermohl method. It is our belief that loss of cells 
occurs in the decantation of the freezing chamber after freezing because 
settling has not been complete. We propose to avoid this by increasing the 
settling time before freezing. 

According to Table 1 of Sanford et al. , the relative numbers of total cells 
counted in the two methods were about 13 by the Utermohl to 10 by Settle-Freeze, 
or a ratio of 1.0 to 1.3. The ratio of our present mean cell counts (Table 1) 
is 1.00 to 1.86; this is also the ratio of total cells counted as cells per 
liter in the same ten samples in Table 2. 

Our 1.00 to 1.86 ratio of total cells counted in the same ten samples by 
the two methods contains, in addition to the apparent 1.3 greater efficiency 
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TABLE 1. Intercomparisons of the Utermahl settling chamber method and the 
Settle-Freeze method at ten 1973 stations. 









# ( 


of forms 




% 


of forms 








identified 


Total forms 


id 


entified 




Station 


Method 


to 


species 


recognized 


to 


species 


Cells/ml 


DC-0 


U 




29 


4A 




65.9 


2,923 


DC- 2 


U 




39 


56 




69.6 


3,737 


DC-3 


U 




26 


46 




56.5 


2,335 


DC-4 


U 




25 


43 




58.1 


2,344 


DC-6 


U 




28 


42 




66.7 


3,005 


NDC-.5-2 


U 




27 


45 




60.0 


2,476 


SDC-.5-2 


U 




29 


46 




63.0 


2,958 


SDC-1-0 


U 




33 


57 




57.9 


1,550 


SDC-4-3 


U 




25 


43 




58.1 


2,103 


SDC-7-5 


u 




26 


43 




60.5 


2,264 



Mean 28.7 Mean 46.5 Mean 61.6% Mean 2,570 C/ml 



DC-0 


S-F 


32 


48 


66.7 


1,187 


DC-2 


S-F 


37 


52 


71.2 


1,643 


DC-3 


S-F 


39 


53 


73.6 


1,816 


DC-4 


S-F 


26 


34 


76.5 


1,122 


DC-6 


S-F 


43 


53 


81.1 


1,005 


NDC-.5-2 


S-F 


37 


47 


78.7 


1,261 


SDC-.5-2 


S-F 


35 


48 


72.9 


1,094 


SDC-1-0 


S-F 


37 


47 


78.7 


2,958 


SDC-4-3 


S-F 


30 


38 


78.9 


845 


SDC-7-5 


S-F 


33 


45 


73.3 


921 



Mean 34.9 Mean 46.5 Mean 75.2% Mean 1,385 C/ml 
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TABLE 2. Comparison of the Settle-Freeze and UtermOhl methods by major algal 
groups. Ratio # S-F to UC = 1.00:1.86. 







Percent 


_bz 


Cells per 


liter by 


Miijor Groups 


S-F 


UC 


S-F 


UC 


Coccoid blue-greens 


0.39 


0.19 


53,800 


48,230 


Filamentous blue-greens 


0.38 


1.05 


52,407 


270,810 


Coccoid greens 


4.16 


0.30 


573,231 


76,055 


Filamentous greens 


0.14 


0.15 


18,551 


39,415 


Flagellates 


20.93 


29.71 


2,883,949 


7,631,540 


Centric diatoms 


46.84 


45.14 


6,454,320 


11,593,775 


Pennate diatoms 


25.81 


17.41 


3,555,996 


4,473,905 


Desmids 





0.04 





9,275 


Other algae 


1.35 


6.01 


186,444 


1,543,825 


Total 


100.00 


100.00 


13,778,698 


25,686,830 


Total blue-greens 


0.77 


1.24 


106,207 


319,040 


Total greens (including 


26.58 


36.21 


3,662,175 


9,300,110 



flagellates, desmids 
and others) 

Total diatoms 

Total 



72.65 62.55 10,010,316 16.067.680 
100.00 100.00 13,778,698 25,686,830 



of the Utermohl method, a component of "operator difference" which is always 
present and which varies from operator (phytoplankton analyst) to operator and 
is heavily dependent upon operator experience. In this case, the UtermcJhl 
counts were made by a PhD with eight years' experience, much of it using the 
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Utermohl method; the Settle-Freeze counts were made by a Bachelor of Science 
with three years' experience, none of it with the UtermBhl method. To give the 
latter operator eight years of experience with the Utermohl method was impossi- 
ble, and the more experienced operator was the only one available who could use 
the Utermohl method. When these two operators were compared on the same Settle- 
Freeze materials, the more experienced one would consistently count about one 
and one-half times as many cells as the less experienced. Our present 1.00 to 
1.85 ratio of total cells counted is, then, not a true comparison of the 
efficiencies of the two methods, but contains a reflection of the fact that we 
had to make use of the last operator who could use the abandoned Utermohl method. 
All aspects being considered, we believe that the advantages of the Settle- 
Freeze method are: 1) permanent slides suitable for re-study are produced, and 
2) more forms being identifiable to species outweigh fewer cells being counted. 

STATISTICAL COMPARISON OF THE UTERMOHL AND SETTLE-FREEZE METHODS 

One water sample from each of the ten stations was divided, and part was 
counted by each of the two methods. This gave ten pairs of values for the 
cells/ml. We wanted to know if the mean cells/ml obtained with the Utermohl 
method was significantly different from the mean cells/ml obtained with the 
Settle-Freeze method. These data were analyzed using a t-test for paired com- 
parisons (Sokal and Rohlf 1969, p. -332). The test was performed on cells/ml 
and also on two other quantities: the number of forms identified to species in 
each sample, and the total number of forms recognized in each sample. (A form 
is either a species, a genus, or a broader category; not all cells can be 
identified to species with these methods.) The mean values and the results 
of the three t-tests are shown below. 
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2569.5 


1385.2 


1184.3 


3.65** 


28.7 


34.9 


-6.2 


3.72** 


46.5 


46.5 


0.0 


0.0 n.s 



N = 10 (no. of pairs of values considered in each test) 

Mean value Mean value 
Test No. Variable with Utermbhl with S-F Difference t 

1 Cells/ml 

2 No. of forms identi- 

fied to species 

3 Total no. of forms 

recognized 

n.s. Not significant 

** Significant, p<.01 

^.05 [9] = 2.26 

*^.01 [9] = 3.25 

The results show that, for these ten water samples, the Utermbhl method 
gave a significantly higher value of cells/ml than the Settle-Freeze method, 
but a significantly lower number of forms Identified to the species level. The 
total number of forms recognized was not significantly different with the two 
methods. The Settle-Freeze method thus appears to permit better identification 
of the actual species present. This may be due to the replacement of water 
with a non-aqueous mounting medium, giving better resolution under the micro- 
scope. 

It should be noted that each method was applied by a different technician. 
It would have been preferable to run both m.ethods with both technicians, but 
this was not convenient since one of them was trained in only a single technique. 
A further refinement could have resulted if each sample had been counted more 
than once with each method. We did not judge this refinement to be worth the 
additional counting time required. 

As a test of the seriousness of fewer cells being counted by Settle-Freeze, 
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Table 2 was prepared. It gives a comparison of the two methods by their success 
in finding the major algal groups. Although there is variability in the results, 
the table demonstrates that no group occurring in abundance of 1% or more of the 
population will be missed. 

THE PHYTOPIANKTON OF 1973 

During the seven months of sampling, 238 species or groups of phytoplankters 
were collected in the short surveys. They are listed alphabetically in Table 3 
and are annotated as being abundant, rare, and riverine. "Abundant" was arbi- 
trarily set at 100 or more cells taken during the seven months of collections. 
The table also gives the total numbers and months of occurrence of the rare 
species or groups. 

In the collections of 1973 there were 50 forms (species or groups) which 
deserved "abundant" ratings. These are presented by stations and months in 
Table 4. The 50 abundant forms in 1973 (compared to 32 so ranked in 1972) are 
considered to be, in part at least, a reflection of the greater specificity 
made possible by the Settle-Freeze method. Three species, Cooaomyxa minor ^ 
Fvagilaria aonstruenSj and Sahroederielta papillataj were not included in the 
"abundant" tabulation because they exceeded 100 cells once in one collection 
and were not present in any other samples. 

Four forms, Ehizosolenia gvaoitiSj Rhizosotenia tongiseta^ Rhizosolenia 
spp. (unidentified), and Synedra ulruXi which had been abundant in 1972 did not 
accumulate to 100 cells in the 1973 collections, though they were by no means 
absent. 

Eitzsohia spp. (all species combined) has been included as an abundant 
genus to show its substantial presence, though none of its species attained to 
this rank individually. 
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TABLE 3. Master species list, 1973, indicating "Abundant," "Rare," and "riverine" 
by A, R and r on the left. 



Species 



Total monthly collections of rare forms at all stations 



R Aohnanthes atevei 

R A. olevei v. Toetrata 

R A. lanoeolata 

R A. lanoeolata v. dubia 

R A. laterostrata 

R Aohnanthes spp. 

R AotinaBtrum hantzsohii v. 

R Amphipleura pelluoida 

R(r) Amphora ovalis 

R(r) Amphora ovalis v. libyaa 

R(r) A. ovalis v. pedioutus 

R(r) Amphora spp. 

A Anabaena spp. 

A Anaoystie spp. 

R Ankistrodesmus falaatus 

R 4. /aZ-catws v. mirabilis 

R A. gctifaotum 

R Ankistrodesmus' sp. #1 

R Ankistrodesmus sp. #2 

R Ankistrodesmus sp. #3 

R Ankistrodesmus sp. #5 

A Ankistrodesmus spp. 

R Aphanisomenon flos-aquae 

R ilp?iaw3t/2ece spp. 

R Aeterionella bleakeleyi 



Oct 2 

Sep 2, Oct 2 

Aug 4 

May 2, Jun 2 

Sep 3 

May 1, Aug 2, Sep 9 

fluviatile Jul 63, Aug 15 

Apr 2, Aug 6, Sep 25, Oct 4 

Jun 2, Aug 2, Sep 5 

Sep 10, Oct 5 

Sep 9 

Jun 2, Jul 2, Aug 11, Sep 12 



Apr 30, May 1, Jun 4, Aug 5, Sep 5, Oct 26 

Apr 13 

Apr 6 , Jul 14 , Aug 17 , Oct 4 

Apr 35, May 4, Jul 4, Sep 10, Oct 9 

Jul 4 

Apr 16, May 2, Jul 4, Oct 9 

Jul 7, Oct 6 

Jun 2 
Apr 17 

May 4 



A A. fonnosa 

R Blue-green colonies 

R Blue-green filaments 

R Blue-green cells 

R Borodinella polytetras (colonies) 

R Catoneis ventrioosa 

R C, ventrioosa v. trunoatula 

R Caloneis spp. 

R Ceratium hirundinclla 

R Chaetopeltie orbicularis (colonies) 

R Chai'aoiim timnetioum 

A Chlamydomonas spp. 

R Chloroooaaum humicola 

A Chrooaoaaus spp. (mostly limnaticus) 

R Closteriopais lotigissima 

R Cloateriien spp. 

R Coaaoncis placcntuLa 

R C, plaacntula v. euglijpta. 

R CooGoneis spp. 

R Coclastrum cpliaorioum 

R CoeJac'trw/r; spp. 

R CoeloGphiaarium thcijcliarumi 

R Coelospliaeriwn spp. 

R Cosiiuiriiun spp. 

R Cruoigcnia apioulaia 

R C. quadt'ata 

R 6'. rocUtrigularic 

R f. timncata 

R Cr!ic?ii;t'?iia spp. 

R Cryp tcrnoyiai-, spp. 



Aug 10, Oct 3 
Apr 38, May 12 
Aug 10 
Jul .4 

Sep 5 

Jun 2 

Jul 2 

Aug 7, Sep 8, Oct 1 

Jul 2 

Aug 2, Oct 2 

May 1 

Apr 3 

Oct 2 
Aug 2 
Aug 4 
May 2 
Jul 1, Aug 12, Sep 2, Oct 2 

Jun 2, Jul 10, Aug 2, Sep 2, Oct 2 

Oct 3 

Aug 2 

Jul 7, Sep 4, Oct 3 

Sep 2 

Jun 2, Aug 34, Sep 10, Oct 30 
Jun 7 
Jul 30 
Oct 4 



TABLE 3 continued. 



A 


Cyalotella atomua 


R 


C, aompta 


A 


C. aryptiaa 


R 


C. glomerata 


A 


C. kutzingimui 


R(r) 


C. meneghiniana 


R(r) 


C. meneghiniana v. plana 


A 


C, miohiganiana 


A 


C. ooellata 


R 


C. pseudostotligera 


A 


C. etelligexKL 


R 


C. tempevci 


A 


Cyalotella spp. 


R 


Cymbella spp. 


R 


Cymatopleura solea 


R 


Daotyloooccopsis spp. 


R 


Diatotna tenite 


A 


V. tetrue v. elongatum 


R 


D. tefzm V. paehyacphala 


R 


D. vulgafc 


R 


Diatyosphacrium putohellvm 


R 


Diotyosp^iaeinum spp. 


R 


DimorphooccciiS 


A 


Dinobvyon havaricum 


A 


D. divergens 


R 


D. soaiale 


R 


Dinohryon spp. 


A 


Dinoflagellates 


R 


Elahxtot}a'ix gelatinosa 


R 


Euglena spp. 


A 


Flagellates 


R 


Fragilaxia brevistriata 


A 


F. oapuoina 


R 


F. oonstimens v. pumila 


R 


F. aonstruens v. venter 


A 


F. erotenensia 


A 


F. intermedia 


R 


F. pimiata 


A 


Glenodiniim spp. 


A 


Gloeoaystis planktonioa 


A 


Glocoaystis spp. 


R 


Ganphoncma spp. 


R 


CorrpV^sy-^eria lacustvis v. aompaata 


R 


Gomphosliaeria spp. 


R 


Goniim soeiale 


A, 


Green colonies 


R 


Green filaments 


R 


Kirahneriella spp. 


R 


Mallomonas spp. 


R 


Mareoniella elegana (colony) 


R 


Melosira ambigua 


R 


M. distans v. alpigena 


A(r) 


M. granulata 


A(r) 


M. granulata v. angustiasima 


A 


14. ielandica 


A 


M. italiaa 


R 


M. variane 


R 


hieridion oii^aulare 


R 


Mei'ist.iof. dia spp. 


R 


Miarocui-i-'a acruginotia 



Jun 2, Jul 5, Aug 16, Sep A3, Oct 23 
Apr 20, May 6 



May 27, Jun 15, Jul 38, Aug 7, Oct 12 
Jul 2, Oct 2 



Apr 4, Jun 25 



Apr 1 

May A, Jun 2, Aug A, Sep 6 
Apr 3, May 8 

Apr 8, May A, Jul 2, Aug 2, Oct 5 
Jun 3 

Apr 10, May 3, Sep 2, Oct 2 
Jun 1 

Sep 2 
May 28 
Oct 15 



Jun 72, Jul 2, Oct 2 
Apr 6 

Aug 2 
May 9 



Oct 1 

Oct 2 
May 2 



Jul 5, Sep 12 



Sep 3 

Sep 5, Oct 5 
Sep 19, Oct A 
Aug 7 



Apr lA, May 9, Oct A 

Jul 59, Aug 2, Oct 8 

Jun A, Jul 5, Aug 8, Sep 2, Oct 2 

Jul 22, Aug 11 

Oct 3 
Aug 2 



May 6, Sep A 

Jul 2 

Aug 5, Sep A, Oct 2 

Hay 1, Jul 5, Sep 3 
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TABLE 3 continued. 



R 


Miovoaystis spp. 


R 


Mougeotia spp. 


R(r) 


Navioula oapitata 


R 


N. 


alementia v. c[uadr%st^gmata 


R(r) 


N. 


aostulata 


R(r) 


N. 


deouesis 


R 


N. 


tanoeolata 


R 


N. 


tatens 


R 


N. 


menisaulus v. upeaHensis 


R 


N. 


puputa 


R 


N. 


tripunataixi 


R(r) 


Navioula spp. 


R 


Neidiim dubiim v. #1 


R 


Neidivm spp. 


R(r) 


Nitzsohia aaicularis 


R 


N. 


aauta 


R 


N. 


amphibia v. fossilis 


R 


N. 


baaata 


R 


N. 


oapitellata 


R 


N. 


aonfinie 


R 


N. 


diseipata 


R 


N. 


fontioola 


R 


N. 


fontioola v. pelagiaa 


R 


N. 


gracilis 


R 


N. 


holsatioa 


R 


N. 


hungariaa 


R 


a. 


linearis 


R 


N. 


palea 


R 


N. 


paleaaea 


R 


S. 


paendoatomua 


R 


N. 


reata 


R 


a. 


aigma 


R 


N. 


apiouloidea 


R 


N. 


tvyblionella 


R 


N. 


species #1 


R(r) 


N. 


species #2 


R 


N. 


species #10 


R 


N. 


species #12 


R 


N. 


species #20 


A(r) 


NitzBohia spp. (all, combined J 


R 


Oestrupia zaahariasi 


A 


Ooaystis spp. 


A 


Oeaillatoria spp. 


R 


Pediaetrum boryanum 


R 


P. 


duplex 


R 


P. 


. duplex V. graailimm 


R 


P. 


duplex V. veticulaUm 


R 


P. 


. eimplex 


R 


P. 


. tetrae 


R 


Pediaatnan spp. 


R 


Phaaus sp. 


R 


Phormidium spp. 


R 


Pimiulapia spp. 


R 


Quadrigula laoustris 


A 


Rhizoeolenia erieneis 


R 


i?. 


. gracilis 


R 


F. 


. longiaeta 


R 


Rhizosolerda spp. 


R 


PJioiooephenia curvata 


R 


Scenedeemue abundans 



Aug 69, Oct 3 

Jun 2 

Apr 2, Jun 2 

Apr 2 

Jul 2, Aug 4, Sep 4 

Jun 4 

Apr 1 

Apr 2 

Sep 3 

Oct 2 

May 10, Sep 2 

Apr 2, May 6, Jun 11, Jul 4, Aug 71, Sep 26 

May 2 

Sep 6 

Apr 6, May 8, Jul 4, Aug 2, Sep 55, Oct 18 

Apr 2, May 3 

May 6, Oct 1 

Apr 28, May 15, Oct 1 

Apr 4, Aug 2 

Apr 9, May 4, Jul 11, Aug 6, Sep 10, Oct 18 

Apr 5, May 9 

Oct 5 

May 2, Aug 2 

Aug 2 

Aug 22 

Apr 2, Jul 1 

Jun 2 

Apr 14, May 6, Jul 2, Aug 4, Sep 9, Oct 16 

Jul 11, Sep 3, Oct 4 

May 2 

Apr 7, Sep 5 

Apr 2, May 2 

Apr 6, Maiy 6, Oct 1 

May 2 

May 4, Oct 4 

Apr 19, May 19 
Oct 1 
Apr 2 
Oct 1 



Aug 4 



Jun 2 

Jun 2, Jul 2, Aug 2, Oct 7 

Oct 1 
Sep 2 
Oct 1 
Oct 3 
Aug 2 

Apr 1 

May 1, Jun 37, Aug 3, Sep 2 

Sep 4 

May 1, Jun 14, Sep 8, Oct 1 



Apr 21, May 17 

May 31, Sep 3, Oct 3 

Sep 12 

Apr 2, Jul 2 

Jun 5, Aug 8 
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TABLE 3 continued. 



E 


S. 


acuminatUB 


Oct 


2 


R 


S, 


aout-ifoptnia 


Jun 


2 


A 


s. 


bioelluljzria 






R 


s. 


hlouga 


Oct 


2 


R 


s. 


dentioulatus 


Jul 


7, Oct 2 


R 


s. 


d-imorphus 


Jul 


2, Aug 14, Sep 18. Oct 55 


R 


s. 


eoomis 


Aug 


17 


R 


s. 


falaatus 


Jul 


22, Aug 35, Sep 7, Oct 18 


R 


s. 


inaraseatulus 


Jun 


3, Jul 2, Oct 8 


R 


s. 


opoZiensia 


May 


11, Jul 4, Aug 7 


R 


s. 


opoHeneia v. oontraota 


Jun 


4 


A 


s. 


quadriaauda 






T> 


s. 


quadriaauda v. longispina 


Jul 


52, Sep 2, Oct 13 


p. 


s. 


serratus 


Jul 


7, Oct 11 


R 


s. 


tenuiepiruz 


May 


3 


R 


s. 


wisaonsinenaia 


Jul 


7, Oct 7 


A 


Saenedesmus spp. (all, combined) 
Schroederiella papiZlata 






R 


Selenastnm sp. 


Aug 


3 


R 


Sphaerooystis sohroeteri 


Jul 


15, Aug 8, Oct 3 


R 


Sphaerooyatia sp. 


Jul 


2 


R 


Staupaatnm spp. 


Jul 


7, Aug 4, Oct 2 


A 


Stephanodisaus alpinus 






R 


S. 


astraea 


Apr 


2, May 3, Sep 3, Oct 2 


A 


S. 


binderanus 






A 


S. 


hantsachii 






A 


S. 


minutua 






R 


S. 


niagax^e 


Apr 


4, May 3, Oct 1 


R 


S, 


niagca-Ge v. magnifioa 


May 


1 


A 


S. 


subtilia 







A 
R 
R 

A 
R 
A 
R 

R 

R 
R(r) 



A 
R 
A 

R 
R 

R 
R 
R 
R 
R 

R 
R 
R 



S. tenui-a 

S. traneilvaniaus 

Stephanodiaaua spp. (unidentified) 

Surirella anguatata 

S. ovata V. pinnata 

Synedra aaua 

S. deliaat-taaima 

S. delioatisaima v. anguatiaaima 

$, demerarae 

S. faaciaulata 

S. filifovmia 

S, menisautua 

S. oatenfeldii 

S. paraaitiaa 

S. nmpena 

S. tenera 

S. ulrM 

S. ulna V. ohaaeana 

S. ulna V. danioa 

Synedra spp. 

Tabellaria fenestrata 

T. feneetrata v. gen-iculata 

.7. ftoocutoaa 

Tetvaedron caudatum 

T. caudatim v. longispiram 

T, minimum 
T, pentaedfiaim 
T. trigomm 
T. tumidulxm 
Tetraedron spp. 

Tr'opidoneia lepidoptera v. pvoboaaidea 
Ulothrix spp. 
Weatetla tinearie 



Apr 33, May 4, Jun 2, Aug 4, Sep 5, Oct 1 

Apr 1, May 8, Oct 6 
Sep 2 

Apr 2, May 1, Jul 3, Aug 35, Sep 2, Oct 4 
May 1, Jun 40, Jul 2, Aug 9, Sep 14, Oct 30 

Sep 5 
Apr 3 



Apr 2, May 4 

Sep 12 
May 3 

Apr 20, May 6 

Apr 2, May 4, Jun 4, Aug 8, Sep 7 

Apr 10, May 24, Jun 2, Jul 2, Oct 2 

Sep 2 

Apr 16, May 21, Jun 51 



Apr 33 



Jul 


6 




Jul 


2 




Jul 


2, 


Oct 3 


Oct 


2 




Jul 


2 




Jul 


2 




Jul 


12 


, Oct 4 


Aug 


4 




Sep 


4. 


Oct 3 


Aug 


7 





TABLE 4. The 50 abundant phytoplankton forms In the 1973 Cook Plant 
collections, by stations and months. Dashes indicate that collections 
were not made. 



Anabaena spp. 



cells/ml 



Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 





2 

15 
3 
3 

13 







2 
3 

















15 

2 
2 

7 






4 
3 

20 






2 
5 
2 






2 





NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 






5 
3 
7 



Anaaystis spp. 



cells/ml 



NDC-.5-1 


SDC- 


.5-1 


DC-0 


DC-1 


DC~2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 







— 








17 











May 










— 

















Jun 










— 

















Jul 




2 


— 


— 








2 





2 


Aug 







4 


— 


2 


7 


15 





25 


Sep 




2 


2 


— 


7 


2 


26 


3 


8 


Oct 12 







— 


— 


15 


2 





2 


6 



Ankistrodesmus spp. 



cells /ml 



NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC~2 DC-3 DC-4 DC-5 DC-6 



Apr 


27 


45 


__ 


May 








4 


Jun 





2 


3 


Jul 


28 


7 


— 


Aug 


2 


2 





Sep 


3 


2 


2 


Oct 


7 


17 


— 



13 


9 


2 


3 


9 








5 


1 





3 


5 


4 


8 





13 














3 


2 





17 





3 


7 


5 


2 


2 



12 



153 



TABLE 4 continued. 



Asterionella formosa 



cells/ml 



NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 30 


33 


— 


— 


54 


109 


11 


32 


20 


May 


3 





— 


63 


24 


2 


9 


12 


Jun 23 





7 


— 


5 


28 


50 


120 


125 


Jul 7 





— 


— 


22 





17 


1 





Aug 18 


33 


68 


— 








12 


46 


5 


Sep 75 


126 


377 


— 


154 


122 


79 


121 


33 


Oct 88 


46 


— 


— 


23 


3 





2 


16 



Chlamydomonas spp. 



cells /ml 



NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 


























May 








— 














66 


Jun 10 


53 


31 


— 


46 


124 





127 


65 


Jul 


292 


— 


— 








140 


17 


191 


Aug 247 





139 


— 


248 


497 


257 





309 


Sep 


87 


613 


— 


88 





159 


240 


215 


Oct 134 





— 


— 


276 


197 








60 



Chrooeooous spp. (mostly timnetiaua) 

cells/ml 



NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 



Apr 








mmmim 


May 











Jun 











Jul 





10 


— 


Aug 


20 


80 


15 


Sep 


134 


23 


11 


Oct 


12 


24 


— 


















4 








1 


1 








11 


2 


2 


11 


16 


2 


8 


7 


7 


26 


46 


160 


53 


31 


132 


50 


26 


25 


25 


20 


34 


42 


46 



154 



TABLE 4 continued. 



Cryptomonas spp. 



cells/ml 



NDC-.5-1 


SDC 


-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 7 




9 


— 


— 


4 


15 


7 


13 


7 


May 28 




8 


35 


— 


37 


11 


11 


7 





Jun 2 




2 


2 


— 





2 


4 


5 


7 


Jul 4 




24 


— 


— 








3 


5 


2 


Aug 26 




19 


26 


— 





25 


63 


32 


46 


Sep 6 




10 


63 


— 


10 


11 


26 


17 


35 


Oct 50 




9 


— 


— 


45 


65 


14 


9 


33 



Cyclotella atomus 



cells /ml 



NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 



Apr 








— « 


May 











Jun 











Jul 








— 


Aug 











Sep 


3 








Oct 








— 






4 





1 


3 



































11 


12 





225 




















9 





5 








2 





1 






Cyclotella aryptiaa 



cells /ml 



NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 2 











6 








1 


4 


May 3 








— 


9 


4 


2 








Jun 








— 








4 








Jul 19 





— 


— 


32 














Aug 


6 





— 










13 





Sep 





7 


— 


3 





5 


3 





Oct 5 


13 


— 


— 


5 


8 


2 


1 






1 ■;>; 



TABLE 4 continued. 





Cyalotelta 


kutzingiana 


























ce; 


Lis /ml 










NDC-.5- 


1 


SDC- 


-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 









— 


— 


2 


6 


2 


2 


7 


May 8 












— 





2 


4 


3 


7 


Jun 2 









3 


— 





8 


15 





7 


Jul 4 









— 


— 


17 


9 


3 





I 


Aug 3 






15 


60 


— 


2 


3 


5 


6 





Sep 






7 


24 


— 








2 


13 





Oct 









— 


— 


5 


3 


2 


4 






Cyctotella miohiganiana 



cells/ml 



NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 



Apr 


4 


2 





May 


6 





2 


Jun 


2 








Jul 


4 


27 


— 


Aug 


7 


4 


11 


Sep 


19 


5 


12 


Oct 


12 


4 


— 






2 


2 


1 


7 


7 


6 


2 


1 





2 





19 


2 





32 


3 


10 


1 


12 


5 


8 





9 





3 


6 


3 





2 


3 


5 


4 


6 


3 



Cyalotelta oaellata 



cells/ml 



NDC- 


-.5-1 


SDC- 


-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 


6 




2 


— 


— 





4 








1 


May 


11 







4 


— 








1 


1 


1 


Jun 


7 




10 





— 


2 


2 


2 


22 


25 


Jul 







9 


— 


— 














2 


Aug 


2 







26 


— 


10 


3 


3 





2 


Sep 


6 




30 


71 


— 


13 


20 


10 


25 


7 


Oct 


10 







— 


— 


5 


5 





1 






156 



TABLE 4 continued. 



Cyc lotetla stetZig era 



cells/ml 



NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 



Apr 


20 


20 





— « 


13 


30 


20 


11 


52 


May 


19 


8 


4 


— 


7 


9 


5 


3 


10 


Jun 


45 


38 


55 


— 


46 


25 


85 


89 


362 


Jul 


373 


338 


— 


— 


497 


311 


169 


51 


123 


Aug 


5 


39 


30 


— 


8 


18 


5 


28 





Sep 


3 


3 


27 


— 


3 


11 





5 


^ 


Oct 








— 


— 








2 


6 






Cyctotetta spp. 



cells/ml 



l^lDC-.5-l 


SDC-.5-1 


DC-0 


Apr 7 


9 





May 36 


8 


6 


Jun 8 


18 


43 


Jul 373 


627 


— 


Aug 132 


32 


241 


Sep 


68 


217 


Oct 83 


9 


— 



11 


15 


28 


10 


45 


13 


19 


6 


1 


20 


35 


23 


6 


28 


175 


436 


3 


70 


10 


35 


141 


66 


98 


15 


25 


45 


6 


61 


84 


38 


23 


61 


3 


5 


31 



Diatoma tenue v. elongation 



cells/ml 



mc-.5- 


■1 


SDC- 


■.5- 


± 


DC-O 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 






2 




— 


— 


4 


4 





1 


1 


May 3 






3 




13 


— 


4 


17 


2 


2 


10 


Jun 






3 




5 


— 


7 


5 





5 





Jul 






2 




— 


— 


2 














Aug 






2 







— 

















Sep 14 






5 




22 


— 


3 


11 


12 


5 


7 


Oct 3 






2 




— 


— 


8 


2 












157 



TABLE 4 continued. 



Dinobryon bavaviaim 



cells/ml 



NDC-.5-1 


SDC- 


-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 




























May 










— 

















Jun 8 




22 


5 


— 


38 


66 


72 


114 


13 


Jul 







— 


— 

















Aug 










— 

















Sep 










— 

















Oct 










— 














2 



Dinobryon divergens 



cells/ml 



NDC-.5-1 


SDC-.5- 


± 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 







— 


— 

















May 










— 














1 


Jun 13 


127 




13 


— 


129 


131 


24 


86 





Jul 


5 




— 


— 





6 


20 


1 


6 


Aug 


2 







— 





2 











Sep 19 


3 




29 


— 


28 


22 


28 





12 


Oct 13 







— 


— 


8 


5 


7 


7 


24 



Dinoflagellates 



cells/ml 



NDC-.5- 


± 


SDC- 


-.5- 


± 


DC-O 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 2 






2 










2 


2 





5 


2 


May 3 











6 


— 


2 


4 











Jun 














— 

















Jul 






2 




— 


— 


18 


3 











Aug 2 






9 




4 


— 


2 


2 





15 


7 


Sep 











2 


— 














2 


Oct 5 






4 




— 


— 








2 









158 



TABLE 4 continued. 



Flagellates 






cells/ml 










N1DC-.5-1 


SDC-.5-1 


DC-0 


DC-1 DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 340 


297 


— 


406 


219 


310 


283 


239 


May 206 


117 


371 


82 


156 


87 


31 


9 


Jun 22 


56 


18 


40 


51 


45 


13 


20 


Jul 89 


7 


— 


89 


13 


2 





2 


Aug 43 


135 


23 


58 


51 


23 


332 


3 


Sep 28 


23 


51 


25 


85 


28 


26 


7 


Oct 116 


93 


— 


169 


199 


208 


360 


111 



Fragilavia oapucina 











cells/ml 










NDC-.5-1 


SDC 


-.5-1 



DC-0 


DC-1 DC~2 


DC-3 



DC-A 



DC-5 



DC-6 


Apr 








May 50 




217 


147 


369 


17 


242 


50 





Jun 







16 











3 





Jul 







— 

















Aug 




4 











5 








Sep 







246 

















Oct 20 







— 


















Fragilaria ovotonensis 



cells/ml 



NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 4 


32 


— 


— 


6 


119 


24 


30 


5 


May 58 


14 


52 


— 





6 


4 


23 


66 


Jun 22 


15 


17 


— 


33 


17 


20 


7 


36 


Jul 43 


110 


— 


— 


145 


6 


109 





2 


Aug 200 


282 


357 


— 


91 


372 


199 


202 


5 


Sep 211 


449 


1329 


— 


238 


252 


228 


159 


189 


Oct 268 


2 


— 


— 


56 


167 


63 


22 


46 



159 



TABLE 4 continued. 



Fragilcwia intermedia 



cells/ml 



NDC-.5-1 


SDC- 


-.5- 


■1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 26 









— 





17 


48 





7 


11 


May 8 









56 


— 





74 


5 


29 


3 


Jun 












— 


22 














Jul 









— 


— 

















Aug 7 









105 


— 








5 








Sep 












— 

















Oct 









— 


— 





15 












Gleyiodinium spp. 



cells /ml 



NDC-.5- 


-1 


SDC- 


-.5- 


■1_ 


DC-0 


DC-1 


DC-2 


DC-3 


DC-A 


DC-5 


DC-6 


Apr 6 






15 




— 


— 


4 


11 


11 


6 


4 


May 











4 


— 





4 





1 





Jun 














— 








4 








Jul 13 











— 


— 


11 


1 











Aug 






2 







— 











6 





Sep 














— 

















Oct 











— 


— 


















GZcecjystis 


planktoniaa 
























cells/ml 










NDC-.5- 


•1 SDC- 


-.5-1 


DC-O 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 80 







— 


— 








7 








May 










— 





22 


23 


19 





Jun 










— 

















Jul 







— 


— 





21 





3 


13 


Aug 










— 





2 











Sep 










— 

















Oct 33 







— 


— 


25 


25 












160 



TABLE 4 continued. 
















Gloeoaystis 


spp. 






















cells/ml 










NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 13 


22 








59 


35 


82 


24 . 


7 


May 122 


56 


50 


— 


26 


54 


15 


46 


1 


Jun 3 


2 





— 





7 


22 








Jul 334 


40 


— 


— 


464 


25 


13 





31 


Aug 12 


70 


11 


— 


10 


26 


. 33 


186 


33 


Sep 39 


25 


15 


— 


13 


17 


5 


3 


5 


Oct 


224 


— 


— 








18 


42 


4 



Green cells 






celli 


3 /ml 










NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC~2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 113 


7 


— 


— 

















May 19 


3 


7 


— 


4 


9 


6 


1 





Jun 








— 

















Jul 35 





— 


— 


93 


4 


42 





10 


Aug 





23 


— 





31 


13 


67 


10 


Sep 








— 

















Oct 


37 


— 


— 


















Green colonies, undetermined (coccoid) 

cells/ml 



NDC-.5- 


± 


SDC- 


-.5- 


± 


DC-0 


DC-1 


DC- 2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 











— 


— 





4 











May 














— 














2 


Jun 2 






7 







— 


18 





15 


2 





Jul 11 






50 




— 


— 


43 


4 


5 





3 


Aug 12 














— 


15 


10 


5 


11 





Sep 











10 


— 








3 


8 


2 


Oct 











— 


— 





2 








1 



161 



TABLE 4 continued. 



Melosira granulata 



cells/ml 



NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 7 


12 


— 


— 


15 


13 


6 


8 


9 


May 159 


25 


22 


— 


171 


178 


4 





7 


Jun 7 





78 


— 


13 


45 


7 


28 





Jul 275 


216 


— 


— 


525 





2 








Aug 144 


139 


568 


— 


136 


122 


83 


83 





Sep 67 


33 


68 


— 


58 


28 


10 








Oct 36 


375 


— 


— 


7 


31 


48 


34 






Melosira granulata v. angustissima 



cells/ml 



NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-A 


DC-5 


DC-6 


Apr 





— 




















May 








— 


4 











7 


Jun 45 


41 


79 


— 


5 


65 





30 





Jul 11 


1015 


— 


— 


6 














Aug 1011 


74 


2945 


— 


420 


483 


487 


24 





Sep 8 


268 


647 


— 


167 


4 


60 


50 


32 


Oct 1084 


126 


— 


— 


809 


1284 


25 


13 


11 



Melosira islandioa 











cellf5/m1 










NDC-.5-1 


SDC 


-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 7 




20 


— 


— 


20 


54 


33 


13 


17 


May 61 




25 


35 


— 


24 


13 


34 


25 


153 


Jun 










— 

















Jul 







— 


— 

















Aug 







87 


— 

















Sep 




3 





— 


31 





15 








Oct 3 




4 


— 


— 


















162 



TABLE 4 continued. 



Melosira italiaa subsp. subarotioa 

cells/ml 



NDC-.5-1 


SDC- 


-.5-1 


DC-0 


Apr 29 




36 





May 53 




67 


35 


Jun 










Jul 




3 


— 


Aug 




11 


211 


Sep 31 




41 


58 


Oct 13 




95 


— 



DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 



45 


46 


22 


29 


37 


56 


52 


32 


35 


197 
































8 








83 





23 


24 


3 


25 





3 





1 


4 






Naviauta spp. 



cells /ml 



NDC-.5-1 


SDC- 


-.5-1 


DC-0 


Apr 







— 


May 3 




3 





Jun 2 







7 


Jul 2 




2 


— 


Aug 7 










Sep 




23 


15 


Oct 8 







— 



DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 






2 











2 














2 














2 

















2 


2 








10 





10 


5 





3 


7 












Nitzsahia spp. (all species combined) 

celXg/mL 



MDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 



Apr 


17 


23 




May 


30 


3 


7 


Jun 


3 


2 


53 


Jul 


13 


43 




Aug 


27 


33 


169 


Sep 


22 


45 


156 


Oct 


73 


22 





13 


24 


6 


6 


12 


24 


2 


12 


10 


9 


3 














26 














20 


12 





11 





46 


30 


23 


28 


7 


73 


38 


33 


13 


3 
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TABLE 4 continued. 



Oooystis spp. 



cells/ml 



NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DG-5 DC-6 



Apr 


11 





__ 


May 








7 


Jun 








2 


Jul 


13 


7 


— 


Aug 


2 


20 





Sep 











Oct 


2 


11 


— 



7 


17 





3 


6 


4 


4 











3 


3 


17 


3 


3 


30 


10 





1 


1 


3 





2 


7 








35 





18 


2 





2 


6 


13 






Osaillatoria spp. 



cells /ml 



NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 



Apr 





2 





May 


22 


17 


28 


Jun 


8 


5 


3 


Jul 


4 


2 


— 


Aug 











Sep 


3 


3 


15 


Oct 


3 


4 


— 



17 














11 


13 


11 


8 


1 


3 


2 


2 


7 





7 














3 


3 


2 


6 











5 


5 


3 


2 








1 


1 



Rhizosolenia eriensis 



NDC-.5-1 


SDC- 


-.5-1 


DC-O 


Apr 2 
May 
Jun 
Jul 






7 
2 






Aug 
Sep 11 
Oct 2 





10 

2 



68 



csUs/al 



DC-l DC-2 DC-3 DC-4 DC-5 DC-6 









2 

















2 


2 





2 


7 


7 


93 

















2 














10 


11 


15 


17 


3 














2 
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TABLE 4 continued. 





Saenedemiu8 


biac 


'.ILulari. 


s 


celli 


s/ml 










NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 19 




19 


— 


— 


14 


4 


4 





4 


May 




5 





— 








12 


3 


4 


Jun 










— 

















Jul 45 







— 


— 

















Aug 5 




4 


15 


— 


7 


2 


7 





3 


Sep 6 




3 


5 


— 


2 


22 


10 





3 


Oct 8 




37 





— 


10 


7 


2 


2 


2 



Scenedesmus quadrioauda 



cells/ml 



NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC~2 DC-3 DC-4 DC-5 DC-6 



Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 







11 

2 

3 









12 

11 



32 



7 


4 




























2 





2 


2 











1 

















3 





19 











2 








3 


5 


6 


11 






Saenedesmus spp. 



cells/ml 



NI)C-.5-l 


SDC- 


-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 







— 


— 


1 








o 





May 




12 





— 








3 


1 





Jun 2 




5 





— 


1 


8 





3 





Jul 126 




24 


— 


— 


117 





2 





1 


Aug 8 




42 


3 


— 


9 


25 


5 


14 





Sep 




15 


2 


— 


10 


22 


4 


T 


2 


Oct 9 




75 


— 


— 


8 


16 


28 


9 
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TABLE 4 continued. 





Stephanodisaus 


( alpirais 






















cells/ml 










NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-A 


DC-5 


DC-6 


Apr 7 


15 


— 


— 


15 


11 


7 


2 


13 


May 33 


28 


17 


— 


9 


15 


12 


1 


2 


Jun 





3 


— 

















Jul 


5 


— 


— 

















Aug 


2 


53 


— 


2 





7 








Sep 


10 


2 


— 


8 


2 





3 





Oct 3 


13 


— 


— 


5 





3 


5 


6 



Stephanodisaus binderanus 



cells/ml 



NDC-.5-1 


SDC- 


-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC -4 


DC-5 


DC-6 


Apr 6 




20 


— 


— 


32 


41 


9 


5 


4 


May 8 




17 


45 


— 


71 


59 


56 


14 


4 


Jun 










— 

















Jul 11 







— 


— 


24 














Aug 







56 


— 


5 





5 








Sep 




5 


2 


— 

















Oct 




28 


— 


— 


3 















Stephanodisaus hantzsahii 



cells/ml 



Apr 
May 
Jun 
Jul 
Aug 
Sep 
Oct 



7 
64 
3 

2 

45 



13 


10 

15 


12 




7 
3 

60 

44 



NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 



39 


33 


15 





19 


13 


22 


9 


1 


1 


3 


7 


2 























5 


10 


12 


4 





2 


7 


2 


2 


2 


31 


30 


5 


4 


4 
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TABLE 4 continued. 





Stephanodisaus minutus 






















ce. 


Lis /ml 










NDC-.5-1 


SDC-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 297 


280 


_— 


— 


553 


653 


325 


110 


295 


May 481 


212 


100 


— 


306 


391 


105 


44 


2 


Jun 


7 





— 








9 








Jul 17 


17 


— 


— 


6 











1 


Aug 2 


20 





— 


5 





12 


17 





Sep 14 


2 





— 





22 





15 





Oct 


4 


— 


— 


8 





8 


10 






Stephanodisaus subtitis 



NI)C-.5-l 


SDC- 


-.5-1 


DC-0 


Apr 







— 


May 3 










Jun 18 




23 


40 


Jul 52 




19 


— 


Aug 




2 





Sep 










Oct 41 




13 


— 



cells /ml 



DC-1 DC~2 DC-3 DC-4 DC-5 DC-6 















4 


2 


9 











12 


30 


6 


38 





65 . 





6 








2 





2 


7 




















73 


61 


3 


2 






stephanodisaus tenuis 



cells /ml 



NDC-.5-1 


SDC-.5- 


d 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 4 


6 










11 


4 





1 


2 


May 8 







2 


— 


6 


4 





2 





Jun 1407 


930 




985 


— 


897 


1003 


833 


1468 


8 


Jul 1183 


1061 




— 


— 


1710 


3 


2 





1 


Aug 45 


6 




8 


— 


10 


25 


18 


22 





Sep 6 


2 




10 


— 


2 





3 








Oct 13 


24 




— 


— 


10 


12 


5 


1 
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TABLE 4 continued. 



Stephanodisaus spp. 



cells/ml 



NDC-.5-1 


SDC- 


-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC -4 


DC-5 


DC-6 


Apr 100 




91 


— 


— 


135 


141 


74 


39 


119 


May 314 




97 


72 


— 


184 


67 


34 


11 


7 


Jun 5 




5 





— 








4 








Jul 13 




12 


— 


— 


15 








2 





Aug 17 




11 


478 


— 


23 


8 


23 


4 





Sep 




48 


22 


— 


23 


11 


18 


15 


18 


Oct 86 




17 


— 


— 


36 


53 


7 


9 


9 



Synedra detioatissima v. angustissima 

cells /ml 



NDC-.5-1 SDC-.5-1 DC-0 DC-1 DC-2 DC-3 DC-4 DC-5 DC-6 



Apr 


7 


15 


.—- — 


May 


3 


6 


9 


Jun 


8 


8 


8 


Jul 


4 


3 


— 


Aug 


5 


17 


30 


Sep 





7 


15 


Oct 





4 


— 



11 


13 


11 


7 


3 


24 


35 


8 


11 


23 


13 


3 





22 


16 


4 




















20 


2 





5 


4 


2 





15 





7 












Synedra filiformis 



cells/ml 



NDC- 


-.5-1 


SDC- 


.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 


7 




4 


— 


— 


2 


6 


6 


3 


6 


May 


6 




3 


2 


— 


9 


4 


5 


6 


29 


Jun 


3 







25 


— 





7 


26 


8 


35 


Jul 


4 







— 


— 


2 














Aug 







7 


4 


— 


3 








2 





Sep 


17 




3 


129 


— 


3 


24 


17 


7 


2 


Oct 


13 




6 


— 


— 


17 


7 


10 





2 
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TABLE 4 continued. 





Synedra ostenfeldii 


























cells/ml 










NDC-.5-1 


SDC-. 


5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 




4 


— 


— 


2 





2 


2 


2 


May 3 







2 


— 


2 





1 


1 


5 


Jun 







12 


— 





7 


7 


7 


25 


Jul 







— 


— 

















Aug 2 










— 





7 











Sep 







22 


— 

















Oct 







— 


— 


8 











2 



Synedra spp. 




























cells/ml 










NDC-.5-1 


SDC- 


-.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 










— 


2 


7 


2 


1 


1 


May 3 




6 


2 


— 


184 


67 


34 


7 


17 


Jun 12 




10 





— 





2 








51 


Jul 




12 


— 


— 

















Aug 33 







105 


— 


2 


13 


7 








Sep 




10 


61 


— 


8 





3 


22 


12 


Oct 




2 


— 


— 











2 


1 



TabeVlaria fenestrata 



cells/ml 



n:oc-.5-i 


SDC 


-.5-1 


DC-0 


DC-1 


DC~2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 11 







— 


— 


11 


58 


71 


16 


26 


May 14 




6 





— 


33 





9 


7 


14 


Jun 10 




2 


3 


— 

















Jul 




7 


— 


— 

















Aug 8 




35 


143 


— 


3 


2 


18 


4 





Sep 147 




184 


723 


— 


220 


271 


270 


156 


35 


Oct 38 




6 


— 


— 


55 


36 


3 


4 


20 
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TABLE 4 continued. 



Tabcllaria flocculosa 



cells/ml 



NDC- 


-.5-1 


SDC- 


.5-1 


DC-0 


DC-1 


DC-2 


DC-3 


DC-4 


DC-5 


DC-6 


Apr 










— 


— 

















May 













— 











1392 





Jun 













— 

















Jul 










— 


— 

















Aug 













— 

















Sep 


53 







7S 


— 





13 


86 








Oct 


5 



























Table 5 presents by station and month the numbers of cells per milli- 
liter, the numbers of forms (species or groups) recognized, and (for what 
it is worth as a measure of diversity) the numbers of cells per form. The 
numbers of cells per form have been rounded. 

Perhaps the meaningful yield of this table is that it indicates that 
the low numbers of cells per milliliter, of forms, and of cells per form which 
were obtained during July, August, and September of 1972 were probably results 
of unfamiliarity with the Settle-Freeze method and failure to utilize its 
potential. By October and November 1972 the numbers being obtained were 
similar to those obtained in 1973. 

Table 5 illustrates (yet one more time) the patchiness of the spatial 
distribution of phytoplankton, both of cells/ml and of numbers of forms. 
There is a partial trend toward fewer cells/ml and/or fewer forms at stations 
DC-4, DC-5, and DC-6 away from shore. 

Temporal patchiness in all three sets of numbers is evident when the 
sequence of months is inspected at each station. 
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From Table 4 the most numerous species or group was selected as being 
dominant. The summed monthly numbers of cells/ml of the dominant form were 
divided by the total monthly number of cells/ml from Table 5 to obtain the 
percentage of the total population which the monthly dominant form comprised. 

Table 6 gives the results. 



TABLE 6. Monthly dominant forms and their abundance in the phytoplankton 
populations at the Cook Plant in 1973. 



Month Dominant Forms % of Population 

April StepMnodiscus minutus 29.4 

Flagellates 24.5 

May Stephanodisous minutus 18.0 

June Stephanodisous tenuis 59.7 

July Stephanodisous tenuis 28.0 

August Melosira gvanulata v. angustissima 32.9 

September Fvagilavia crotonensis 22.0 

October Melosi2''a granulata v. angustissima 37.9 



Except in the month of June, the dominant forms were not heavily dominant. 
In June there was a heavy dominance by Stephanodisous tenuis, which comprised 
59.7% of the population. 
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CONCLUSIONS 

The Settle-Freeze method of phytoplankton enumeration and identification 
has been adjudged superior to the UtermOhl settling chamber method, though the 
latter counts a greater number of forms. The monthly collections in 1973 
again exhibited spatial and temporal patchiness of the phytoplankton population. 
During the monthly surveys 238 phytoplankton forms were collected; of these 50 
were abundant. Diatoms were dominants in each month, with flagellates being a 
co-dominant in April, 
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COLIFORM BACTERIA OF THE COOK PLANT AREA, 1973 
William L. Yocum 

INTRODUCTION 

Among other biota which might be adversely influenced by operation of the 
Cook Plant are bacteria. Total coliform bacteria enumerated by the Field-Hardy 
Millipore Nutrient Filter method were chosen to be monitored because the method 
is adapted to the exigencies of field work. 

METHODS 

Total coliform bacteria samples were collected during May, June, July, 
August,, September, and October 1973 at stations selected from the second stage 
preoperational biological survey grid (Ayers and Seibel 1973) . Samples were 
collected by Niskin bottle, and bactera were isolated for culturing and enumer- 
ation by a standard Millipore membrane filter technique (Am. Public Health 
Assoc. 1971; Millipore Corp. 1967). 

Bacteria samples were collected concurrently with phytoplankton samples. 
A self-flushing 5-liter pol3rvinyl chloride plastic Niskin collecting bottle 
was lowered on a hydrographic wire to a depth of one meter and tripped shut 
with a brass messenger. The Niskin bottle was then raised even with the hydro- 
graphic platform and detached from the hydrographic wire. The full Niskin 
bottle was brought on deck and a 250-ml saiaple drawn into a polyethylene 
plastic bottle vigorously rinsed with lake water drawn from the Niskin bottle. 
The sample bottle was capped, labelled, and stored in a refrigerator until 
the sample could be filtered. The bacteria were isolated and concentrated by 
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vacuum filtration of 25-, 50-, or 100-ml samples through Millipore Bacterio- 
logical Field Monitors. The Millipore Bacteriological Field Monitor consists 
of a membrane filter backed by an absorbent pad encapsulated in a sterile 
plastic container which serves as a filter holder and incubation chamber. The 
filter is 37 mm in diameter and has a pore size of 0.A5 mm. 

After the bacteria were collected on the filter, 2 ml of M-Endo broth 
medium was introduced onto the absorbent pad. The Field Monitor was then 
placed in a Millipore Portable Incubator for incubation at 35°C. Incubation 
time ranged from 18 to 24 hr, during which individual bacteria multiplied into 
visible colonies. Upon completion of incubation, the Field Monitors were 
opened and the filters labelled and dried. The dried filters were then trans- 
ported to the laboratory for identification and enumeration of the bacteria 
colonies. 

Coliform colonies were identified and counted under low magnification 
using a binocular dissecting scope containing a light source. The coliform 
bacteria colonies are identified by a characteristic metallic green sheen. 

RESULTS 

Stations sampled, sampling frequency, sampling dates and the calculated 
total coliform density expressed in numbers of cells/100 ml are presented in 
Table 1. Mean concentrations and standard errors for each station and sampling 
date are also given in Table 1. 

In 1973 the coliform densities generally fell into the range which might 
be expected to occur in the area of Lake Michigan from which the samples were 
taken. The average concentrations are relatively low when compared with 
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TABLE 1. Coliform bacteria found in 1973, bacteria per 100 ml. n = number of 
samples, S.D. = standard deviation, x = mean number of cells per ml. 













Dat^ 


e 














15 


20 


19 




22 


20 


22 




Station 


May 


June 


July 




Aug. 


Sept. 


Oct. 


n 


S.D. 


X 


DC-2 


15 


2 


8 







2 


6 


6 


5.50 


5.50 


DC-3 





2 


2 




10 


8 


22 


6 


8.16 


7.33 


DC-4 


3 


3 







2 


240 


4 


6 


97.01 


42.00 


DC- 5 













2 


36 





6 


14.56 


6.33 


DC-6 
















44 





6 


17.96 


7.33 


NDC-.5-2 


51 





14 




2 





16 


6 


19.54 


13.83 


NDC-1-1 






14 











2 


9.90 


7.00 


NDC-1-2 






4 








12 


2 


5.66 


8.00 


NDC-2-1 






14 
















NDC-2-3 






6 
















NDC-4-1 






26 
















NDC-4-3 






8 
















NDC-4-4 






















NDC-7-1 






16 








4 


2 


8.49 


10.00 


NDC-7-3 






6 










1 




6 


NDC-7-5 




3 






4 


676 


12 


4 


334.86 


173.75 


SDC-.5-2 


52 





12 




4 





8 


6 


19.83 


12.67 


SDC-1-1 






4 










1 




4 


SDC-1-2 






6 











2 


3.54 


3.50 


SDC-2-1 






10 










1 




10 


SDC-2-3 






8 








4 


2 


2.83 


6.00 


SDC-4-1 


















2 







SDC-4-3 

















1 







SDC-4-4 

















1 







SDC-7-1 






6 








2 


2 


2.83 


4.00 


SDC-7-3 

















1 







SDC-7-5 




1 









6 





4 


2.87 


1.75 


n 


7 


8 


22 




9 


9 


18 




S.D. 


23.97 


1.39 


6. 


60 


1.67 


224.75 


6.55 








X 


17.29 


1.25 


7. 


45 


1.56 


112.44 


5.00 
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maximum allowable concentrations for total body contact (Michigan Water Res. 
Comm. 1968). The relatively high concentrations found during September may 
reflect influence of sanitary sewage input via the St. Joseph River or one of 
the smaller tributaries in the area. 

The coliform densities were variable and indicate a patchiness of distri- 
bution typical of passive planktonic drifters. 

CONCLUSIONS 

The coliform collections of 1973 were variable and patchy, but generally 
indicated water of good quality in the Cook Plant region of Lake Michigan. 
Higher counts at station NDC-7-5 in September may indicate some St. Joseph River 

plume influence. 
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A QUALITATIVE SURVEY OF PERIPHYTIC DIATOMS IN THE VICINITY 
OF THE DONALD C. COOK NUCLEAR POWER PLANT 

Donald G. Robinson 



Abstract. This study of colonizing periphytic diatoms was conducted during tho 
months April through October 1973. Species present indicate mesotrophic to 
eutrophic conditions throughout the year with little difference in trophic con- 
ditions or species present between the stations north and south of the Donald 
C. Cook Power Plant or between the stations set in 15 and 30 ft of water. 
Month-to-month species overlap was fairly constant throughout the year at 
around 50%. 

In April large populations of species indicative of high chloride levels 
were present. This suggests the presence of a longshore thermal bar set up by 
the warming of the spring water. These species usually have their origins in 
rivers, in this case most likely the St. Joseph River, ten miles north of the 
plant. 

Comparison of the data for 1972 and 1973 shows considerable seasonality 
for the species present. However, many of the major species, though showing 
the same seasonal trends, exhibit a fair degree of differences in abundance 
from year to year. 



INTRODUCTION 

This report continues the qualitative periphyton monitoring program begun 
two years ago by Great Lakes Research Division for the Donald C. Cook Power 
Plant. Diatoms were considered exclusively for all months except Julj^ when all 
forms of microscopic "aufwuchs" were considered. 
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Four periphyton collectors, each holding duplicate styrofoam blocks at a 
depth of one foot, were emplaced in March. Periphyton was collected monthly at 
15- and 30-ft depth stations (approximately one-quarter and one-half mile from 
shore respectively) at the north and south boundaries of the Cook Plant (about 
6,000 ft apart) for the months April through July, the two south stations in 
August, and three stations in September and October (station N 15 was lost in 
a late July storm) . 

METHODS AND MATERIALS 

All periphyton blocks collected were frozen and transported to Ann Arbor 
where the "aufwuchs" were removed and cleaned for identification of diatoms by 
A. van der Werff's (1955) hydrogen peroxide-potassium dichromate method. When 
the reaction is over the blocks are removed from the beakers, rinsed with 
distilled water, and the diatoms allowed to settle. The diatoms are then 
rinsed with successive changes of distilled water until the solution is clear. 
The diatoms are then settled overnight and as much supernatant removed as pro- 
vides for a suitable dilution. The diatoms are next put in suspension and eye- 
dropped on a 22 mm^ cover slip and evaporated at 200°F until all water is gone. 
The cover slips are then baked at 450°F for ten minutes. The slips are then 
nounted with Hyrax on microscope slides and put on a hot plate to evaporate the 
toluene from the mounting medium. Identification of diatoms (see Table 1) was 
done with an oil immersion Leitz Ortholus at approximately 1250X, All soecimens 
were Identified to species, variety, and form when possible. Taxonomic references 
are cited following the report's "References Cited" section. 
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RESULTS 

All identified specimens are arranged by station and date in Table 1. In 
addition, the 1972 results are listed for a year-by-year comparison. The 
specimens are coded by "R" for rare (occurring only one or two times on half a 
cover slip), "0" for occurred, "P" for predominant (i.e., of marked importance 
in the community but not exerting control),, and "D" for dominant. In August 
and October 1972, there are listed two "D's" for each month since the dominants 
were equally represented. The ecological significance of the predominant and 
dominant species are listed in Table 2. 



TABLE 2. Ecological significance of predominant and dominant species. (Super- 
scripts refer to references cited at the end of the table, p. 199.) 



1. Aohnanthes minutiss-ma and A. minutissima v. oryptocephala - Eurytopic^'^ ° 
eurythermal, euryzonal, ollgohalobe, probably indifferent^; pH optimum 7.5- 
7.8'^ but found in large numbers from 6.5-9.0^°; excellent indicator of 
oxj^gen rich conditions in weakly to moderately alkaline waters'*; listed 
seventeenth in the top twenty species of diatoms tolerating organic 
pollution^; the varietal name has been dropped by some taxonomists, but 

for identification purposes a more conservative approach was favored ° . 

2. Cyclotetla stelligera - Thrives in eutrophic waters; pH optimum at or 
above 8.5 . 

3. Cynibella miarooephata - Cannot withstand great pH changes so it is a good 
indicator of slightly alkaline oligotrophic conditions; pH optimum at or 
above 7.0; saturated oxygen conditions optimal for growth^. Oligohalobe 

to indifferent; littoral^. 

4. Cymbella prostrata - Oxygen rich conditions optimal for growth; pH optimum 
over 8.0; can live through a slight osmotic pressure change^. Occasional in 
brackish but commonly in fresh water^»''. 

5. Diatoma tenue - Often found in relatively highly conductive or slightly 
salty water^"; pH optimum 7.4-7.8; cannot withstand osmotic pressure 
changes'*. 
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TABLE 2 continued. 



6. Diatoma tenue v. elongatum - In Lake Michigan usually in greatest 
numbers in areas heavily eutrophied^^ ; cannot withstand osmotic pressure 
changes; pH optimum y.A-y.S'*; oligohalobous according to Bourelly^, but 
reported in brackish waters by Patrick and Reiroer^°. 

7. Diatoma vutgax>e - The only species of the genus that can stand eutrophic 
water but is not a nitrogen heterotroph ; often found in water with high 
nutrient content^ °; littoral; indifferent^; listed as twelfth in the top 
twenty diatom species tolerating organic pollution^; prefers alkaline 
water; beta-mesosaprobic to oligosaprobic. 

8. Frag-ilaria aonstvuens v. capitata - The nominate variety finds its 
greatest abundance in Lake Michigan in appreciably eutrophied inshore 
areas^ . Prefers slightly alkaline water; indifferent to chlorides-^^. 
Our specimens of the variety aapitata showed considerable intergradation 
with the variety binodis (described as tolerating high conductivity)^*^ • 

9. Fragitaria intermedin - One of the most characteristic species of 
lightly alkaline oxygen rich waters; pH optimum over 7.0 but rarely over 
8.4'^. 

10. Fragitaria vauaheriae v. trunaata - Primarily periphytic^-"- . 

11. Gomphonema angustatum v. produota - Cosmopolitan; littoral; oligohalobe^. 

12. Gomphonema otivaaeum - Does not live in brackish water; pH optimum 8.0- 
8.5^; tolerates beta-mesoprobic conditions at most according to McFarland^ 
and when found in streams it is associated with pollution^ . 

13. Gomphonema subalavatum - Fresh water ^; primarily periphytic. 

14. Melosira granulata - In Lake Michigan greatest occurrence in eutrophic 
areas^-^; cosmopolitan; euplanktonic; pH optimum 7.9-8.2^; listed eleventh 
in the top twenty species of diatoms tolerating organic pollution^; most 
characteristic diatom of eutrophic waters; typically absent under oligo- 
trophia conditions^. 

15. Melosira italiaa - Cosmopolitan; littoral planktonic form of eutrophied 
waters^; pll optimum not under 8.0 . 

16. Naviaula vadiosa v. tenetla - Circumneutral waters; oligohalobous to in- 
different salt concentrations^ ° ; freshwater^. 

17. Naviaula tripunatata - Fresh to slightly brackish water^°. 

18. Naviaula viridula - Prefers slightly alkaline fresh water^'^; pH optimum 
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TABLE 2 continued. 



y.SH-**; littoral; cosmopolitan; oligohalobe^; listed thirteenth in the top 
twenty diatoms tolerating organic pollution^; fresh to slightly brackish 
water^. 

19. Naviaula vividula v. aoenaaea - Similar to nominate variety. 

20. Nitzsahia oonfinis - Prefers eutrophic waters; pH optimum 7.5-8.0'*. 

21. Nitzsohia dissipata - Fresh to brackish water^»^^; pH optimum around 8.0 
perhaps a bit under; withstands pH and osmotic changes poorly'*. 

22. N-itzsahia fonticota - Can withstand large osmotic fluctuation; pH 
optimum 8.2-8.6; obligate heterotrophic species, requires amino acids^. 

23. Nitzsahia WXtzingiana - Obligate heterotrophic species, requires amino 
acids; pH optimum 7.5-7.8^*; oligohalobe and littoral form^. 

24. Nitzsahia palea - Indifferent oligohalobe^; one of the most abundant 
species of strongly eutrophic oxygen rich alkaline water; pH optimum over 
S.O'*; pH range 4.3-8.5 but prefers alkaline environment^; a very good in- 
dicator of pollution as it is very eurytopic but without organic nitrogen 
it cannot greatly increase its numbers; obligate nitrogen heterotroph, 
deaminates amino acids quickly so self-purification is very great**; 
cosmopolitan^; fresh water^'^^; listed first in the top twenty diatoms 
tolerating organic pollution^; alpha-mesosaprobic; euryhaline; euryther- 



mlc^ . 

25. Stephanodiscus alpinus - Often reported as S. astraea of S. astraea v. 
minutula; very common in hypolimnion of alpine lakes^ . 

26. Stephanodisaus hantzsahii - In the plankton of Lake Michigan it only 
occurs in great quantities in eutrophied inshore portions^ ^; probably 
obligate nitrogen heterotroph; withstands pH changes poorly; pH optimum 
around or over 8.2**; listed ninth in the top twenty diatoms tolerating 
organic pollution^. 

27. Stephanodisaus minutus - Often reported as S. astraea v. r.irnitii' j: ; only 
becomes abundant in Lake Michigan in eutrophied inshore areas and 
estuaries^ ^ . 

28. Stephanodisaus subtilis - In Lake Michigan only abundant in eutrophied 
areas receiving considerable chlorides; probably only thrives in these 
conditions'^. 

29. Stephanodisaus tenuis - Often confused with S. hantzsahii. Not observed 
in southern Lake Michigan until mid 1950' s; pollution tolerant'^. 
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TABLE 2 continued. 



30. Synedra aous - Cosmopolitan; prefers water that is circumneutral and 
without a low conductivity; found in water of medium hardness most often^°; 
pH optimum 7.4-7.6'+; littoral; oligohalobe; indifferent^; listed fourteenth 
in the top twenty diatom species tolerating organic pollution^. 

31. Synedra fasoioutata - In waters with high conductivity to slightly 
brackish^ °; in Lake Michigan in polluted harbors and in areas of high 
chloride contamination^^. 

32. S'^^nedra filiformis (v. exilisi) - Prefers water low in minerals^ '^. 

33. :;^^ct£l'a minusauta - Circumneutral'*; prefers cool water^°. 

34. Sunedx'a 'pulohelta - Brackish water diatom with high permeability for 
chlorides and carbonates ; in such conditions can be very abundant^ ; in 
fresh water associated with high mineral content-'-^, "it is very rare in Lake 
Michigan at the present time, but can be expected to become more abundant 

in areas receiving heavy pollution wastes high in chloride" •^^ . 

35. Synedra radians - Prefers slightly alkaline water with relatively high 
conductivity^^. 

36. Synedra nm.'pens - Widely distributed in fresh water^°; pH optimum 6.4- 
6.8'+. 

37. Synedra tenera - Prefers water of low conductivity^*^; pH optimum under 
neutral point; according to Cholnoky is abundant only in so called tropical 
to subtropical waters and surely not in northern alpine waters'*. 

38. Synedra ulna - Listed second in the top twenty species of diatoms toler- 
ating organic pollution^; littoral form; indifferent; euryhaline; found in 
eutrophic lakes, stagnant water, swamps, bogs, and pools^; pH optimum 
around 7.8'*. 

39. Synedra vauoheriae and S. vauoheriae v. oapitellata ~ Considered together 
here as there was considerable intergradation, although in no case did the 
variety outnumber the nominate. Wet-mount examinations showed occurrence 
singly and in colonies so the genus name Fragitaria would seem to be equal- 
ly suitable. The nominate variety was a persistent predominant throughout 
the year indicating euryotopicity. The varietal form is considered by 
Bourelly as a littoral form of stagnant waters^. 

40. Synedra sp. {affin S. amphiaephala v. austriaaa) - 

41. Tabellar-ia fenestrata - Prefers mesotrophic to fairly eutrophic waters 
that are circumneutral^ » ■'^ '^ ; pH optimum 5.8 but found in waters with much 
higher pH'*. 
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TABLE 2 continued. 



42. Thalassiosira pseudonana ~ This genus is found primarily in marine and 
brackish water. Its occurrence in Lake Michigan indicates high chloride 
pollution where it is found in significant quantities-'-^ . 
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DISCUSSION 

Gomphonoma otivacewn, the dominant species in April and May, overlapped 
into June as a predominant. In June and July Diatoma tenue was the dominant 
with predominant overlaps into the two preceding months, April and May, and 
into the following month, August. In August there were two dominant species, 
Achnanthes minutissima and Synedra radians. Aahnanthes minutissima had just an 
occurring overlap in July, but continued as the dominant in September and one 
of two dominants in October. The identification of Synedra radians was a diffi- 
cult choice as the species has a variable shape and central area, and the speci- 
mens observed on the August slides were uniformly in the lower limits of the 
species's size range. The lack of this species overlapping at all into adjacent 
months may be a reflection of this difficulty. October's slides were dominated 
by Synedra Vauaheriae, which was also a predominant in every preceding month, 
and by Aahnanthes minutissima. NitBSohia dissipata never reached dominant 
status but was a predominant from April through September. Other species found 
occurring in sizeable amounts throughout the year were Tabellaria fenestrata 
and Synedra filiformis. All of the above-named species in this section rated 
at least an "0" for occurred status every month sampled except for Gomphonema 
olivaaevm, which was listed as rare in August. 

Of particular interest is the occurrence of the predominant species 
StephanodisGus suhtilis^ Synedra fasoiaulata^ Synedra pulohella, and Thalassio- 
sira pseudonana in April, and to a lesser extent in the following two months of 
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this survey. All of these species are excellent indicators of high chloride 
contamination. These species are perhaps of a riverine origin, probably the 
St. Joseph River since no significant outfalls have been detected in this area. 
This indicates the presence of a longshore thermal bar set up in part of April 
by the warming of the springtime waters (Stoermer 1968) . 

Significantly fewer kinds of species were found in the first two months, 
especially April. There was also considerably less species overlap in a given 
month on a station-to-station basis. These findings are congruent with the 
lower biomass and are to be expected due to colder water and less sunlight in- 
hibiting the growth rates (Patrick et al. 1968) . 

Indicator species showed no difference in trophic levels between 15-ft and 
30-ft sets but perhaps some between the north and south stations. Predominant 
or dominant eutrophic species numbered 22 at the north stations and 18 at the 
south stations, and 20 at both the 15- and 30-ft sets. If the missing N 15 and 
N 30 stations in August and the N 15 station in September and October could have 
been included, there might have been an even larger difference between the north 
and south stations. This difference may be a result of the St. Joseph River's 
influence. 

There was no significant difference in the number of species found at 15- 
and 30-ft sets or north and south stations. In the months of April through July 
when all stations were present, there was a rounded average of 106 forms found 
at each south station and 105 at each north station. The averages for the 15- 
and 30-ft sets were 115 and 111 respectively. At each station throughout the 
sampling season the average was 124. The average month to month species over- 
lap was 52% (see Table 3). 

Comparison of 1972 and 1973 data establishes a definite seasonality of the 
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species, almost all of which seem to be monacmic, i.e., one bloom peak per year. 
However, it was found that one could not necessarily expect to find these species 
in the same abundance from year to year. 

TABLE 3. Month to month species overlap, 1973. 



Total spec 


;ies 








found for 


both 


Ove 


r lapping 


Percent 


months 




species 


overlap 


203 






103 


51% 


269 






139 


52% 


342 






162 


47% 


299 






150 


50% 


258 






139 


54% 


265 






150 


57% 



Month 



April-May 
May- June 
June- July 
July-August 
August-Sept. 
Sept. -Oct. 

Round average 273 141 52% 



The species present throughout the 1973 sampling season show fairly eutrophic 
water. Of the top 13 diatom genera tolerating organic pollution, 11 were repre- 
sented in this survey as either dominants or predominants. For the top 17 species, 
8 were present as dominants or predominants (Palmer 1971) . Although the appearance 
of a particular species as a dominant or predominant does not necessarily type the 
water, the overwhelming abundance of eutrophic indicator vs. oligotrophic indi- 
cator species definitely shows a high productivity for the area studied. 

SUPPLEMENTARY PERIPHYTON/PSAMMON COLLECTION, 17 July 1973 

The sampling was prompted by desire to investigate possible psammon diatom 
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concentrations offshore and by belief that periphyton blocks measure phyto- 
plankton colonization rates rather than represent true periphyton communities 
which are usually benthic in nature. 

The 13-ft Boston Whaler was anchored on the first sand bar, approximately 
75 ft from shore at the north range pole. Seastate was nearly flat but on the 
previous day was 1-2 ft waves. 

Collection was done by two skin divers using mask, fins, snorkel (Seibel, 
Williamis) . One man remained in the Whaler to log comments made by the sampling 
team. The sampling team carried capped deflated 8-oz polybottles. To sample, 
the bottle was uncapped and material was sucked into the bottle. 

The first examination transect was towards shore from the boat along the 
bottom in a few feet of water. Ripple marks were distinct, 4-6 inches apart, 
one inch high, all asjmmietrical, with high concentrations of heavy minerals in 
their troughs. No diatom concentrations were seen. A large lump of concrete 
and a bough submerged in 2 ft of water near shore yielded algae (Bottle A) . 

The second transect ran offshore in 5-6 ft of water, 50 ft away from the 
boat. In the troughs of the ripple marks was conglomerated, gelatinous material 
with a faint green tint. The material was slightly positively buoyant. Two 
bottles were collected, B and C. 

There was a higher concentration of the material 75 ft offshore from the 
boat. Two samples, D and E, were taken. 

The final series was collected near the second sandbar in 6-10 ft of water. 
The ripple marks were larger here than inshore. The material was longer here 
from 1-h inches and 1.5 inches as a maximum width. It held together better when 
sampled than what was collected previously. Two samples, F and G, were taken. 

The samples were immediately taken to the fish trailer and preserved with 
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6:3:1 algal preservative. 

In Ann Arbor the samples were examined with a Leitz Ortholux scope at 
magnifications of 125X, 250X, and 540X (oil immersion) using wet mounts. 

The first impression of the material was that it was "flocculent, organic 
detritus" with the green tint coming possibly from live algae. Microscopic 
examination showed it to be predominately live algae with some inorganic 
material in the matrix, some copepods and rotifers. One Aeolosoma was found. 

Algae identified 

Sample A - from submerged concrete bough: 

Ctadophora sp. 
Stigeoelon-tim sp. 

Sample B and C : 

Bulhoohaetae sp. 
Mougeot-ta sp. 
Pediastnm sp. 
Saenedesmus sp. 
Ulothrw sp. 

Sample D : 

Butbochaetae sp. 

Chaetophora sp. 

Ctadophora sp. (not predominant) 

Closteviim sp. 

Gymnodimium sp. 

Merismopedia sp. 

Pediastrim holopedivm 

Saenedesmus quadrioauda 

Saenedesmus sp. 

Ulotkrix sonata ? 

green filament - Ulothrix or Mougeotis 

diatoms - Diatoma sp., Fragilaria sp., Cymbella sp. (growing on the 

filaments), Gomphonema sp. (growing on the filaments), Melosira 

sp. , Tabettar-ia fenestvata 

Sample E: 

Bulbechaetae sp. 
Mougeoti-a sp. 
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Spirogyra sp. 

Utothr-ix sp. 

Soenedesmus quadriaauda v. Westii 

Saenedeswus quadriaauda 

same diatoms as Sample D (also Melosira vca>ians) 

Sample F and G: 

BuVhoehaetae sp. 
Gomphosphaeria sp. 
Gymnod'tniym sp. 
Merismopedia sp. 
Pediastnon sp. 
Soenedesmus arassus 
Soenedesmus quadrioauda 
Spyvogyva sp. 
Utothrix sp. 
same diatoms as Sample D 
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PSAMMON AS FOOD FOR LAKE MICHIGAN SHOREBIRDS 
John C. Ayers 

Abstract. Stomach analyses of 22 Lake Michigan shoreblrds, semlpalmated 
plovers, semlpalmated sandpipers, and sanderlings revealed no evidence of 
psammon being used as food. Insects were the main food, with beetles being 
most common. 



INTRODUCTION 

In the recent past there have been repeated statements that members of the 
psammolittoral community constitute important food items for shoreblrds, and 
that heat or chlorine in power plant discharge plumes would or could destroy 
this community and produce adverse environmental impact by depriving shoreblrds 
of essential food. 

To get an evaluation of this statement we approached the Bird Division of 
the University of Michigan Museum of Zoology and were put in touch with Joseph 
G. Strauch, Jr. , a Ph.D. candidate working on the food habits of shoreblrds in 
their wintering grounds. He was pleased with the chance to investigate these 
birds as they passed Lake Michigan on their fall migration south. 

We provided transportation, support, and assistance for a collecting trip 
on 30 and 31 August 1973 to the Cook Plant and adjacent beaches. 

METHODS 

Collections were made by shotguns, both by shooting from the beach and 
from a boat. Stomachs were Immediately removed from the birds and preserved 
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in formalin for microscopic examination in the laboratory. 



RESULTS 



Mr. Strauch's report is given here in its entirety. 



Food Habits of Shorebirds Near the Cook Power Plants Berrien County ^ 
Michigan. Joseph G. Strauch, Jr., Bird Division, Museum of Zoology, 
University of Michigan. 

On August 30 and 31, 1973, I collected 22 shorebirds of three 
species; Semipalmated Plover (Charadrius semipalmatus) ^ Semipalmated 
Sandpiper {Calidris pusillus)., and Sanderling (Calidris alba), on 
Livingston Beach adjoining the Cook Power Plant (three of the 
Sander lings were actually collected about 1.5 miles north of the 
plant). The birds were feeding on the beach, either along the 
water's edge, or along two small ponds and a stream on the beach. 
In a census of the birds taken late in the afternoon of 30 August 
I found two Semipalmated Plovers , two Killdeer (Charadrius voaiferus) , 
about ten Semipalmated Sandpipers, and about twenty Sanderlings. A 
census of the birds along the shore taken from a boat on 31 August 
turned up 31 Sanderlings between the power plant and Warren Dunes 
State Park to the south, and six Sanderlings and five Spotted Sand- 
pipers (Aatitiis maaularia) between the power plant and Grand Mere 
to the north. A total of 42 birds was found along ten miles of 
beach; there were probably more than 200 people along this same 
stretch of beach. 

Table 1 gives the results of an analysis of the stomach contents 
of the birds collected. Insects were the main prey for all the birds, 
with beetles accounting for perhaps 60% of the prey individuals taken. 
Most of the beetles taken belong to the family Curculionidae. The 
Semipalmated Plover ate only terrestrial prey, while the two species 
of Sandpiper ate both aquatic and terrestrial prey. 

An individual Bonaparte's Gull (Larus Philadelphia) collected 
on 31 August had insects (Orthoptera, Homoptera, Coleoptera, and 
Formicidae) and fish bones in its stomach. 
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TABLE 1. Frequency of occurrence of prey in the stomachs of three 
species of shorebirds collected on Lake Michigan near the Cook Power 
Plant, Berrien County, Michigan. 



Species of Shoreblrd 



Food Items 



Charadvius 
semipatmatus 
(N = 4) 



Calidvis 
pusillus 
(N = 6) 



Calidris 

atha 

(N = 12) 



Gastropoda (snails) 

Crustacea 

Insecta 

Orthoptera (grasshoppers 
and roaches) 

Hemiptera (true bugs) 

Coleoptera (beetles) 

Diptera (flies) 

Hjmienoptera (wasps, bees) 
(other than ants) 

Formicidae (ants) 

Homoptera (leaf hoppers) 

Insect larvae^ 
Fish (at least part carrion) 
Plant material 








16 











16 


25 


100 


100 


100 





33 


17 





33 


17 


75 


67 


83 








25 


75 


16 


17 








25 


50 


333 






^Amphipoda only. 

^All orders, at least Coleoptera and Diptera present. 

^Seeds only. 



SUMMARY AND CONCLUSIONS 

Microscopic examination of stomach contents of shorebirds collected while 
they were feeding on the beaches near the Cook Plant showed no evidence that 
psammon were being utilized as food by the shorebirds. 

This was not unexpected. Seibel et al. (1973) say (p. 12): "The largest 
organism present was an elongate, cylindrical microturbellarlan, designated 
species 1 for this report, which reached a length of 4 mm. At this size it is 
visible to the unaided eye only as a minute white thread . " 
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LAKE MICHIGAN ZOOPLANKTON COMMUNITIES IN THE AREA 
OF THE COOK NUCLEAR PLANT 

John A. Stewart 



Abstract. Methods tentatively planned for a study of entrained zooplankton are 
described and discussed. Preliminary trials suggest the methods provide an 
efficient means of sampling. Results of seven monthly field surveys taken in 
1973 are introduced and compared with results from past years. Composition and 
seasonal succession followed previously observed patterns, but absolute abundances 
often differed by factors of two or more. Higher abundances in the spring were 
followed by lower midsummer peaks. Chief differences between night samples and 
those collected in the daytime were the addition of Mysi-s to offshore plankton 
and the addition of Euryaerus inshore. A study of vertical distribution found 
highest zooplankton concentrations at middle depths. Natural histories of each 
of the Cook area species are compiled and used to construct a synopsis of the 
yearly zooplankton cycle. 



INTRODUCTION 

A serious disturbance in any one sector of a complex ecosystem can be 
expected to be propagated to other sectors. Because of their central position 
in aquatic food chains, zooplankton would be likely intermediaries in sequences 
of events leading to alterations of economic or aesthetic importance. The Cook 
study is designed to detect both temporal and spacial aberrations in the plank- 
tonic community contained within an approximately 98 square mile area surrounding 
the plant. Since these waters circulate and are ultimately mixed with the main 
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body of Lake Michigan, monitoring efforts necessarily focus on potential distur- 
bances that are most inmiediate in their impact. This report presents the results 
of work done in 1973 toward the establishment of a pre-operational knowledge of 
the zooplankton Crustacea. 

ENTRAINMENT STUDY METHODS 

In 1974, studies will be undertaken to determine the kinds and numbers of 
planktonic organisms entrained in the cooling water and to measure their ability 
to survive the physical, thermal and pressure stresses associated with condenser 
passage. Methods we propose to use for a study of zooplankton are presented in 
this section, with the results of a limited series of trials we were able to 
carry out during the first part of 1973. 

Sample water will be taken from both the intake forebay and discharge bay 
by identical 1.5 horsepower diaphragm pumps capable of withdrawing about 80 gal/ 
min through a 3-inch diameter pipe. This type of pump cannot be made isokinetic, 
since pressure waxes and wanes during each pumping stroke. Its advantage is that 
the absence of a propeller blade permits the passage of larger organisms through 
the system. The water will be filtered through a #10 mesh plankton net suspended 
in a barrel of water. This system was chosen in hopes of minimizing physical 
damage to the sampled animals. If a valve at the base of the barrel is adjusted 
until a constant water level is maintained, flow through the outlet will be the 
same as the pumping rate. Thus a flowmeter at this location can measure the 
volume of filtrate without impinging zooplankton on its blades. In all trials 
of the system, the sampling pumps operated at a constant 56 cycles per minute; 
but the volume drawn by this many strokes varied from 60 to 77 gallons, depending 
on head and on flow characteristics at the sampling position. 
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Despite certain disadvantages, it is our belief that direct observation of 
live animals is the most reliable and reproducible means of assessing damage. 
In addition to providing information about mortality, it pemnits the detection of 
behavioral changes such as the assumption of a torpid state reported by Coker 
(1934) £ind by Industrial Biotest (1973). Our method will be similar to that 
used by us for handling preserved samples, employing a separate formalin-free 
set of equipment. Subsampling will be carried out with a Folsom plankton 
splitter. This device presents a large surface on which animals can become 
stranded and thus injured. Therefore it will be best to keep sample sizes 
small in order to minimize the number of times they must be split. Small 
samples also limit the effects of crowding during incubation. We have found 
that if live samples are split only a few times and if each splitting is followed 
by a rinse with an equal volume of filtered lake water, increases in mortality 
are not detectable. Pipettes are a less satisfactory means of subsampling, for 
live copepods can be observed to orient themselves away from the nozzle and 
escape. In addition, cladocerans trapped on the surface are not subsampled by 
a pipette. 

The subsample will be concentrated into a chamber consisting of a circular 
groove vrith a glass bottom. Immotile organisms settle to the bottom of the 
chamber where they can be identified and counted under a dissecting microscope 
in the field laboratory, motile zooplankters being ignored. The entire sample 
will then be preserved and sent to Ann Arbor for counting. 

This method does not permit mortality measurements on a large number of 
samples collected within a single day, and questions whose answers required much 
intensive sampling would have to be approached in another way. However, it is 
adequate to accumulate, over a one-year span, the following information: (1) 
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The total number of each major species passing through the condensers in each 
month. These estimates would have to account for diurnal cycles and temporal 
variation. They are best obtained by means of large samples collected in the 
well-mixed discharge bay and immediately preserved. (2) Mortality rates for 
each major species in each month. These estimates are best obtained by examining 
for motility small samples collected in pairs at the discharge bay and at a con- 
trol area in the intake forebay. 

A satisfactory vital staining technique would reduce the time to be spent 
in the field. To that end, Mohammed Omair, of our staff, has carried out a study 
of the usefulness of some common bacteriological stains for separating zooplankton 
Crustacea. All stains were added from stock solutions to water containing live 
and dead zooplankters, producing the indicated final concentrations. After one 
half hour, the animals were filtered onto netting, washed, and then preserved in 
a formalin solution. 

Live/dead Easily 

Final cone. specificity distinguished 

Eosin Y 1:2000 no yes 

Erythrosin B 1:2000 yes yes 

Neutral red (acidified) 1:20,000 yes no 

Nigrosin 1:2000 no no 

Trypan blue 1:2000 no no 

The most promising dye, Erythrosin B, was subjected to a more complete exam- 
ination. The stain acts on dead tissue imparting a bright rose color whose re- 
tention is excellent. But it will at times color live animals or fail to act on 
dead animals depending on concentration, length of staining time, animal species, 
presence or absence of physical injury, time of death, and means of death. Thus 
we are not yet able to use the stain with confidence. 

Choosing a control site in the intake forebay is easiest if uniformity can 
be demonstrated. If distribution is uneven, the causes of the inequality are 
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likely to act differently on live and dead organisms. This would lead to biased 
estimates of live/dead ratios. An unequal vertical distribution could be par- 
tially remedied by collecting an integrated sample from more than one depth, but 
collecting a horizontally averaged sample would be more difficult and probably 
counterproductive. In the early part of 1973 we conducted trials which provide 
an initial look at the functioning of our sampling system. All intake samples 
were withdrawn from directly in front of the trash bars using flexible hoses 
that could be lowered to the desired depth within the 35-ft deep forebay. Tur- 
bulence within the discharge bay required that we draw water through a steel 
pipe. Diameters of both the hose and the pipe were 3 inches. In the first 
trial, the circulating water pumps had been running for one-half hour at the 
time the collections were made. In the other trials they had been running for 
6 to 8 hours. Results are stimmarized in Table 1, with the results of a t-test. 
Tested in Trials 1, 2, and 3 was the hypothesis that mean abundances are equal. 
In Trial 4, a pairing process was used and the tested hypothesis was that the 
mean difference between pairs was zero. 

TRIAL 1, SUCCESSIVE SAMPLING AT THREE DEPTHS. 

On 1 February, four replicates were collected in rapid succession from each 
of three different depths in the forebay - 33 ft, 17 1/2 ft, and 3 ft. Each 
sample replicate resulted from 2 min of pumping with the same diaphragm pump and 
was calculated to be the filtrate of 120 gal. The entire collection process was 
completed in 1 hr. Differences in species abundances were generally about 10%, 
and in all but two comparisons they were not statistically significant at the 
95% confidence level. Because the circulating pumps had not been running long 
enough to wash out the sand accumulated in the intake tubes by wave action, 
the quantity of suspended sand in the samples was large. We decided to dry and 
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TABLE 1. Mean abundances of zooplankton in numbers per cubic meter, mean 
weights of suspended sand in grams per cubic meter, and the results of com- 
parisons between samples using a t-test and a percent similarity of community 
statistic. Samples were collected with a diaphragm pump system on three dates 
in 1973. Each sample consisted of four replicates. 



TRIAL 1: Successive sampling at 3 depths in the intake forebay, 1 Feb. 1973. 

2 ft 17 1/2 ft 33 ft P 



Nauplii 


420 


230 


270 


<.05 


(2'> 33') 


Cyclops 


5800 


6300 


6000 


ns 




Tropocyclops 


56 


36 


35 


ns 




Diaptomus 


5200 


6000 


5100 


ns 




Limnocalanus 


43 


65 


27 


ns 




Harpacticoids 


3 


16 


5 


<.05 


(2'< 17') 


BOi^r::-\a 


13 


17 


11 


ns 




r.:vhT::a 


10 


22 


19 


ns 




Iiibcsnifui 


20 


19 


11 


ns 




Other Cladocera 





6 





ns 




Asplanohna 


26 


14 


11 


ns 




TOTAL 


11,600 


12,800 


11,400 


ns 




Sand wt. (g/m^) 


4.0 


5.0 


8.9 


<.01 


<.02 


PS = 96.9 96.7 
c 


98.0 






(2'< 


33') (17'< 33') 







TRIAL 2: Simultaneous sampling at 2 depths in the intake forebay, 15 Feb. 1973. 

5 ft 30 ft P 



Nauplii 

Cyclops 
Trcpocy clops 
Diaptomus 
Limnocalanus 


220 

9000 

9 

6800 

28 


310 
8300 

16 
5900 

11 


ns 
ns 
ns 
ns 
ns 


Harpacticoids 

Bosmiria 


130 
36 


150 
21 


ns 
ns 


Daphnia 


37 


23 


ns 


Eubosmina 


5 


8 


ns 


Other Cladocera 


5 


4 


ns 


Asplanohna 








ns 


TOTAL 16,300 


14,700 


ns 


Sand wt (g/m"^) 


2.6 


5.0 


<.05 


PS = 97.9 
c 
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TRIAL 3: Simultaneous sampling at 2 horizontal positions in the intake forebay, 
15 Feb,. 1973. 



Screen 8 



Screen 5 



Nauplii 

CyaZops 

Tropooy clops 

Di-aptomus 

Limnooalanus 

Harpacticoids 

Bosmina 

Daphnia 

Eubosnrlna 

Other Cladocera 

Asp landhna 



210 

6400 

22 

6100 

77 

160 

8 

6 

2 

3 

7 



TOTAL 



Sand wt 

PS = 98.6 
c 



(g/in3) 



13,000 
5.8 



270 

3900 

26 

3800 

42 

100 

3 

11 

1 

2 

13 



8,100 
3.9 



ns 
<.01 
ns 
<.01 
ns 
ns 
ns 
ns 
ns 
ns 
ns 



<.01 
<.01 



TRIAL 4: Comparison of intake and discharge bays, 4 April 1973. 

Intake Discharge P 



Nauplii 


1300 


Cyalops 


2800 


Tropoayotops 


15 


Diaptomus 


2300 


Li.mnoaalanus 


3 


Harpacticoids 


86 


Boinnina 


110 


Daphnia 


15 


I'lubosm-ina 


1 


Other Cladocera 


29 


Asp lanahna 


9 


TOTAI. 


6,700 


Sand wt. (g/m-^) 


4.0 



1800 

2500 

30 

2100 

3 

100 

10 

3 

1 

33 

6 



6,500 
15.5 



ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 



ns 
<.001 



PS 



92.5 
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weigh it since it provides information about flow characteristics. Amounts of 
sand decreased from bottom to top with the 33-ft samples containing significantly 
greater amounts than both the 17-1/2 ft and the 3-ft samples. The abundance of 
sand in the upper depths on all the trial dates suggests considerable turbulence. 

TRIAL 2, SIMULTANEOUS SAMPLING AT TWO DEPTHS. 

On 15 February, four replicates were collected from each of two depths in 
the forebay — 5 ft and 30 ft. Two Identically mounted diaphragm pumps were used 
so that samples could be withdrawn from the two depths simultaneously. Repli- 
cates were again 2 min in duration. On this date, only one flowmeter was avail- 
able, so in this and in Trial 3, abundances had to be calculated assuming that 
both pumps were drawing water at the same rates. Again differences between the 
mean abundances of each species were on the order of 10%, and only sand weights 
were significantly different. 

TRIAL 3, SIMULTANEOUS PUMPING AT TWO HORIZONTAL POSITIONS. 

On 15 February, four replicates were withdrawn from a depth of 15 ft at two 
locations in the forebay — in front of travelling screen 8 (the site of Trials 1 
and 2) and in front of travelling screen 5 (also the site of Trial 4) . At 
screen 5, 38% fewer animals were collected, a difference that was statistically 
significant for the abundant taxa. Since this pump was not metered, a differ- 
ence in pumping rate cannot be ruled out as an explanation. Flow past this 
site appeared to be greater than at the site in front of screen 8. There was 
no difference in the species composition of the samples collected at the two 
locations. 

TRIAL 4, COMPARISON OF INTAKE AND DISCHARGE. 

On 4 April, four replicates were withdrawn from a depth of 7 ft in the 
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discharge bay and four were withdrawn from the same depth in the intake forebay. 
Each sample was 2 min in duration with 154 gal being filtered for each discharge 
replicate and 132 gal being filtered at the intake location. Collection of each 
discharge replicate was synchronized with the end of each intake replicate, the 
2-min lag being intended to approximate the time for condenser passage. The 
hypothesis that the mean difference between these pairs would be zero was not 
contradicted at the 95% confidence level for any of the species. 

One of the most encouraging aspects of these results is the sampling 
precision of the diaphragm pump system. Standard deviations were generally 
similar to those obtained from replicate vertical hauls taken in the April field 
survey (Fig. 1) despite the much smaller volume of water that was sampled. This 
is best explained by the smaller error involved in estimating the quality of 
water filtered and by a greater uniformity due to turbulent mixing in the intake 
tubes. 

Compositional similarity can be quantified by the statistic PS , the per- 
cent similarity of community, used for copepod communities by Whittaker and 
Fairbanks (1958) and described by Greig-Smith (1964) . 

PS = 100 - .05E I a' - b' I 
c ' 

where a' and b' are, for each species, the respective percentages of the total 

animals in samples A and B. Values of PS fall between (lowest affinity) and 

100 (highest). If such an index is used to compare the compositions of samples 

obtained in these trials, PS is usually greater than 95. This is as large or 

larger than the values that can be obtained by comparing replicate vertical 

hauls taken at a station in the field. 

Because field samples are not taken in the winter, no direct comparison of 

abundances is possible. However, abundances and species composition were 
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Entrainment trials 
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FIGURE 1. Average coefficient of variation for all taxa falling 

into one of 12 abundance ranges. s , .„ 

c.v. = — • 100 
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consistent with the winter plankton that might have been expected on the basis 
of the November 1972 and the April 1973 field surveys, and it is fair to regard 
these samples as representative of the winter fauna in the nearshore region. 

FIELD STUDY METHODS 

Samples for the 1973 field study were collected monthly from April to 
October at the stations mapped in Figure 2. Of the 28 stations comprising the 
major survey grid, 27 were visited on 25 April, 19 July, and 23 October. Of the 
8 stations making up the short survey grid, 7 were sampled on dates in the inter- 
vening months, 17 May, 20 June, 23 August, and 20 September. The positioning of 
construction dredges prevented occupation of one station, DC-1, on all of the 
dates. 

Zooplankton were collected with a 0.5 m diameter #10 mesh nylon net (158y 
apertures) towed vertically from near the bottom to the surface at a rate of 
0.6 to 0.9 m/sec. A flowmeter mounted in the net mouth measured the volume of 
water filtered. At each station three hauls were made in succession yielding 
three sample replicates, each of which was preserved with a sugared formalin 
solution (Koechies fluid) . 

In the laboratory, a Folsom plankton splitter was used to divide each repli- 
cate as many times as necessary to yield subsamples containing several hundred 
of the most common taxa. Two such subsamples were then enumerated using a cir- 
cular glass counting chamber and stereozoom dissecting microscopes. Larger 
subsamples were examined for rarer taxa. After counting, the subsamples were 
filtered onto pre-weighed filter papers, oven dried for at least 4 hr at lOO^C 
and weighed on an electrobalance. Uncounted portions of each sample are retained 
in the Great Lakes Research Division collections. 
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MILES^y 4 2 1Q50051 2 

COOK PLANT 




MILES^ 7 4 2 IQ'dOQ^I 2 

COOK "plant 



FIGURE 2. The major survey station grid (upper) and the short survey station 
grid (lower) sampled for zooplankton in 1973. 
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At most stations Identification was carried to genus. Only 3 of the 16 
commonly occurring genera contained more than one species. The more time- 
consuming process of separating the species of these genera {Cyaloys, Diaptomus, 
and Daphnia) was undertaken at 5 stations for each of the long surveys (DC-2, 
DC-5, DC-6, NDC-7-5, SDC-7-5) and at 3 stations for each of the short surveys 
(DC-2, DC-5, DC-6), Taxonomy followed Brooks (1959), Deevey and Deevey (1971). 
Pennak (1963) and Wilson (1959). 

A volumetric abundance was calculated for each taxon in each replicate. 
The three replicates from each station were then averaged to produce the mean 
abundances given in Tables 2 through 8. These tables also give the standard 
error associated with each mean, the percentage of the total comprised by each 
taxon, dry weight expressed on a volxometric basis and a mean dry weight per 
animal. To avoid rounding errors in future calculations, we have retained more 
than the maximum of two figures which may be regarded as significant. Aside 
from the primary data contained in these tables and discussed in the section 
which follows, information was gathered for several special studies of limited 
scope, the results of which are presented in the sections on entrainment, night 
zooplankton, vertical stratification, and natural history. 

With the addition of sample replication, these methods are the same as 
those used in the field studies of 1971 and 1972. A small refinement in count- 
ing technique has been the separation of immature copepods by genus. This was 
quite successful and produced interesting results in the cases of Enrytemora and 
Limnooalanus. Early instars of Episahura proved difficult to distinguish from 
Diaptomus and are underestimated. Only small numbers of immature Tropcayalcps 
were found and these were invariably later instars; early instars of this 
species seem to be escaping through the net. Some errors in earlier counting 
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methods were uncovered. In 1972, numbers of Cyolops adults were overestimated 
at the expense of immature cyclopoids for most of the samples counted to genus. 
In 1970 and 1971, numbers of Polyphemus may have been overestimated, while 
abundance of Eia'ytemora is likely to have been underestimated. 

Our field study methods were discussed by Roth (1973) , but a few additional 
comments are worth making. (1) Sampling precision was generally greater at 
deeper stations. Greater accuracy in measuring the volume of water filtered is 
one likely explanation (flowmeter readings are more consistent) ; another is the 
greater amount of averaging expected from a longer haul. It may also be supposed 
that inshore waters are less homogeneous. (2) Sampling precision was greater 
in April than in the summer or fall months. This is shown in Figure 1 where the 
coefficients of variation (standard deviations expressed as percentages of the 
means) are plotted against species abundance. For the most abundant taxa, 
standard deviations averaged between 15% and 20% of the mean in the spring, 
between 20% and 30% in July and October. (3) Figure 1 also illustrates the 
decreased accuracy with which populations of the rarer taxa are measured on 
months when total standing crops are larger. This is because smaller subsamples 
must be made. The higher standard deviations result from the small number of 
individuals in each subsample, i.e., in this case subsampling is the largest 
source of error. (4) On the other hand, for abundant taxa, variation between 
subsamples of the same replicate was less than variation between replicates. 
The standard deviation between subsamples falls to 10% or lower for the most 
common organisms. (5) Variation between stations in the same depth zone is 
greater than variation between replicates taken at the same station. This 
suggests that we are detecting large-scale patchlness, whereas the sampling 
method (large net, long hauls) minimizes the effects of small-scale patchiness. 
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(6) Differences between months and between years are generally much greater 
than differences between stations sampled on the same date. 

FIELD STUDY RESULTS 

The year 1973 was warmer than 1972; a mild winter was followed by an early 
spring, comparatively higher siommer temperatures, and an extended autumn. Phy- 
toplankton standing crops were higher than in 1972 in all but one month (October) 
and tended to remain between 1000 and 2000 cells/ml throughout the sampling 
season (see Ayers and Kopczynska 1974) . This contrasts with counts of less than 
500/ml obtained in July, August, and September of 1972. Zooplankton were twice 
as abundant in the spring months of April, May and June, with several species 
appearing earlier than in 1972. Unlike the previous year, the 1973 zooplankton 
reached July and August maxima that did not exceed 100,000/m^. Cladocerans, 
which make up the bulk of these late-summer peaks, were less abundant, while 
the more perennial copepod species appeared in similar and sometimes greater 
numbers. 

The zooplankton making up the fauna are listed in Table 9. Six of the 
rare taxa on this list — Euayatops speratus^ Bryoaamptus sp.j Diaphano soma 
brachyruvum, Latona setifera^ Scapholeberis kingi, and Sida cvystallina — were 
noted for the first time in 1973; but the 21 species having abundances greater 
than lO/m^ are the same as those comprising the 1971 and 1972 faunas. The 
broader patterns of succession described for southern Lake Michigan by Johnson 
(1972) and by Roth and Stewart (1973) were also repeated. Two interesting de- 
viations were the rarity of Ceriodaphnia quadi'angulariSj a species whose abun- 
dance exceeded 400/m^ in September 1971 and August 1972, and the failure of 
lloLopodium gibherum to produce a distinct fall bloom as in 1971 and 1972. 
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TABLE 9 . Species of zooplankton Crustacea collected within the Cook survey 
area in 1973 and their maximum monthly abundance. 



#/m3 



Cyclopoid copepods 

Cyalops biauspidatus tJiomasi S. A. Forbes 5,000 

Cyalops vernalis Fischer 50 

Eucyalops agilis (Koch) <1 

Eueyatcps speratus (Lllljeborg) <1 

Mescayalops edax (S. A. Forbes) <1 

r^z'aJiclops f-i)nbriatus poppei (Rehberg) <1 

-"■:^\r.v.-jSjrs vvasinus mexiaanus Kiefer 1,700 

Calanoid copepods 

'Di-aptomus ashlandi Marsh 3,400 

Diaptomus minutus Lilljeborg 1,600 

Diaptomus oregonensis Lilljeborg 530 

Diaptomus sioilis S. A. Forbes 150 

Episahura laaustris S. A. Forbes 180 

Eurytemora affinis (Poppe) 250 

Limnooalanus maoriwus Sars 270 

Harpacticoid copepods 

Bryoaamptus sp. <1 

Canthooamptus sp. 40 

Cladocera 

Aloiia sp. <1 

Aloria affinis (Leydig) 2 

Bosmiria lori^irostris (0. F. Mliller) 29,000 

Ceriodaphnia quadrangula (0. F. MUller) 10 

C-hydcvus sphaeriaus (0. F. Mtlller) 300 

Zjiphuia galeata mendotae Birge 1,300 

Zap}'.'i:ia longiremis Sars 4 

Daphnia retvoQiacva S. A. Forbes 9,000 

Diaphayiosoma braahyurwn (Li^ven) <1 

Diaphanosoma leuahtenbevgiaram Fischer 580 

Eubosmina aoregoni (Baird) 6,000 

EujyyoeTGUS tamellatus (0. F. Miiller) 2 

Holopedium gibbervim Zaddach 600 

Ityocryptus sordidus (Lieven) <1 

Latona setifera (0. F. Mailer) <1 

Leptodcva kindtii (Focke) 200 
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TABLE 9 continued. 



///m^ 



Leydigia quadrangulco'is (Leydig) <1 

Maarothrix latiaornis (Jurine) <1 

Pleuroxus dentiaulatus Birge <1 

Polyphemus pediculus (LinnS) 380 

Saapholeberis kingi Sars <1 

Sida orystallina (0. F. Miiller) <1 

Ostracoda <1 

Amphlpoda 

Pontoporea affinis Lindstrom <1 
Mysidacea 

Mysis reliata Lov§n <1 



Figure 3 compares total zooplankton numbers in 1973 with numbers in 1971 
and 1972, the other years in which a #10 net was used. For the purpose of dis- 
cussion, we have divided the survey region into three zones; each point on this 
and similar graphs appearing with the natural history section represents the 
mean of all stations within each zone. The compositional differences between 
samples collected at shallow and deep stations makes a division useful, although 
the instability of plankton populations makes it necessarily arbitrary. The 3 
stations deeper than 30 m will be most representative of offshore conditions. 
In this zone hypolimnetic organisms such as Lvnnoaalanus can usually be found 
throughout the year. Cladoceran populations are usually lower here, while 
copepods are as abundant or more abundant than inshore. The 10 stations inside 
the 10-m contour have been separated into what, for want of a better name, is 
called the littoral zone. This coincides with the "beach zone" used by the 
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FIGURE 3. Seasonal distribution of total zooplankton abundance. Plotted are means for all 
stations located within each of three depth zones. 
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Great Lakes Fishery Laboratory (1970) for their estimates of the magnitude of 
thermal Imput into Lake Michigan. Vertically migrating copepods are usually 
rare in this zone during the warm months. Cladoceran populations arc nearly 
identical with those at stations between 10 m and 30 m. The remaining region, 
between 10 and 30 m, will be called the inshore zone in this report. 

Figures 4 and 5 compare dry weights per volume and per animal with those 
weights obtained in 1972. In this case, because of the smaller amount of data 
from 1972, we have charted measurements from 3 representative stations, DC-2, 
DC-5, and DC-6. At 13, 25, and 40 m, these stations lie at the shallow and 
deep extremes of the inshore zone and in the offshore zone. A pattern of low 
spring biomasses followed by summer and fall biomasses of 90-120 mg/m^ was re- 
peated, as was the tendency for animals to be smaller in June, July, and August. 
However, as with total ntmibers, large July and August peaks did not occur. Mean 
weights per animal were distinctly different in April and May. In 1972, weights 
of 9-10 micrograms were measured at the offshore station, whereas in 1973 earlier 
warming was accompanied by an earlier appearance of large numbers of nauplii and 
a resultant decrease in the average weight per individual. 

THE MAJOR SURVEY OF 25 APRIL 1973 

On 24 April, an apparent thermal bar condition could be seen, with a line 
of water color change lying outside of the Cook survey area. On the survey 
date, surface temperatures were 9.0°C inshore and decreased to (^.y^C at the 
deepest stations. Subsurface temperatures fell gradually with depth, the 
bottom usually being about 2"'C colder than the surface. At no station did 
Secchi depths exceed 3.0 m. Fhytoplankton averaged 1200 cells/ml inshore and 
abundances were only slightly less offshore. 

We found several differences in zooplankton composition which may be 
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FIGURE 4. Seasonal distribution of zooplankton biomass at three stations. 
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associated with these wanner conditions. Most notable was the larger numbers of 
copepod nauplii — about 5000/in^ at most stations. This is two to four times the 
numbers found inshore in 1971 and 1972, and ten times the number previously found 
offshore. Nauplii made up more than 50% of the population and were chiefly re- 
sponsible for total abundances being higher than in past years. As in the past, 
the April fauna was composed almost entirely of Cyclops bieuspidatus and four 
species of Diaptomus, Cyclops were found offshore in numbers similar to previous 
years (1000/m^) but both adult and immature copepods were strongly reduced in 
numbers close to shore (Fig. 6 and 7). This is another possible consequence of 
the warmer conditions. Immature Diaptomus were less abundant at shallow stations 
(Fig. 8). Adults of Diaptomus spp. generally exceeded 2000/m-^ at the deeper 
stations and decreased to 1000/m^ inshore (Fig. 9). These numbers were similar 
to those obtained in past years, but numbers of immature Diaptomus were five 
times as large (about lOOO/m^). As in past Aprils, D. ashlandi was the dominant 
diaptomid. All 4 species showed evidence of reproductive activity (eggs or 
spermatophores) and the numbers of reproductive females seemed to be higher on 
this date than at other times during the year. Immature copepodids of both 
Diaptomus and Cyclops were predominantly first and second instars. April was 
the only month in which immature copepods did not greatly exceed adults in 
number. 

As in the past, numbers of adult Limnocalanus were low (20/m2 offshore). 
Most individuals were judged to be survivors of the previous generation rather 
than newly matured adults. Immature Limnocalanus numbered 220/m^ offshore, 
140/m^ inshore, and in the littoral zone. Only early instars could be found 
at the inshore stations. April was the only month in which Limncaalanus nauplii 
were seen in abundance (400/m^ offshore) . 
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FIGURE 6. Horizontal distribution of 
Cyclops C1-C5 (#/m3), 25 April 1973. 
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FIGURE 7. Horizontal distribution of adult Cyalops (///m^), 25 April 1973. 
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FIGURE 8. Horizontal distribution of 
Diaptomus C1-C5 (///m^), 25 April 1973. 
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FIGURE 9. Horizontal distribution of adult Diaptomus (#/m-^), 25 April 197 3. 



Some genera overwinter in very small numbers — Tvopooyclops^ Bosmina, 
Eubosminaj Daphnia, Asplanahna. These were found in the April survey samples; 
but with the exception of Bosmina^, they had not begun to increase their popula- 
tion sizes above winter levels. Bosmina longivostvis was found at all stations 
in numbers that averaged 50/m^ through most of the survey area and surpassed 
100/m^ in the littoral zone (Fig. 10). These abundances are small in comparison 
with summer conditions but are larger than previously noted in April. 

In addition to the tendency of all the copepods to be more numerous off- 
shore, there was a general trend for total abundances to be greater toward the 
north (Fig. 11). 

THE SHORT SURVEY OF 17 MAY 1973 

A period of cool weather in the early part of the month held temperature 
increases to about 2°C above April levels. As in April, subsurface water tem- 
peratures declined gradually with depth and were 2°C colder at the bottom of 
the column. Secchi depths were close to 1.0 m inshore and increased to 4.5 m 
offshore. Phytoplankton cell counts were likewise lower as distance from shore 
increased. 

Copepod reproduction appeared to be continuing unabated for, while numbers 
of adult Cyclops and Diaptomus remained similar to those in April, numbers of 
nauplii had increased to 10,000/m^ and numbers of immature copepodids increased 
by a factor of 5. These changes resulted in total abundances ranging from 
27,000/m^ inshore to 19,000/m^ offshore. On the May 1972 survey date, tempera- 
tures resembled those of April and zooplankton averaged only 6000/m^ . 

The Limnocalanus population was similar in size to that found in April but 
more late instars and fewer early Instars were found. A few Eurytemora immatures 
were encountered, and these were predominantly first instar copepodids. Bosmina 
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FIGURE 10. Horizontal distribution of 
Bosmlna (#/m^), 25 April 1973. 
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FIGURE 11. Horizontal distribution of total zooplankton (///m^), 25 April 
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was the only cladoceran genus of note, its numbers having increased to 400/m3 
inshore, ISO/m^ offshore. Much lower populations of all species were found in 
the littoral zone. 

THE SHORT SURVEY OF 20 JUNE 1973 

Although bathythermographs are not available, it is evident* that the waters 
in the survey area were thermally stratified by this date. Surface temperatures 
had increased by 11° over May readings — to 22°C inshore and 18.5°C offshore. 
Calm, sunny conditions undoubtedly resulted in a settling of suspended material, 
for Secchi disc readings were the highest of the season, ranging from 3.0m in- 
shore to 8.0 m offshore. 

It may be inferred that copepods were strongly stratified in their vertical 
distribution; there was a regular increase with increasing station depth. Im- 
mature Cyclops numbered 1500/m^ in the littoral zone, 6500/m^ in the inshore 
zone, and 15,000/m^ offshore. Numbers of adult Cyclops progressed from 100/m^ 
to 1700/m2 to 3200/m^. Diaptomus immatures were 3000/m^ in the littoral zone, 
11,000/m^ inshore, and 20,000/m^ offshore. Abundance of adult Diaptomus went 
from 800/m^ to 2700/m^ to 4000/m^. Both adults and immatures were more abundant 
than on the June 1972 survey date. Diaptomus ashlandi continued to dominate 
offshore but was strongly reduced inshore. In the littoral zone, Diaptomus 
miniitus was the only calanoid copepod in abundance. 

On 20 June, the first adult Cyclops -oernalis, Episckura, and Eurytemora 
were seen. Limnooalanus adults were in greater abundance than immatures for the 
first time, and all of these adults appeared to be newly matured individuals. 
Bosmina increased by factors of 20 to 40 over May abundances, with the largest 
increase occurring in the inshore zone where counts reached 19,000/m2. The 
rotifer Asplanohna underwent a similar large increase in the inshore region. 
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and rotifers in general seemed to be most abundant during this month. Numbers 
of Daphnia had Increased somewhat but remained low (100/m^). Leptodcra and 
Folyphemua made their first appearance on this date. 

On the whole, numbers of cladocera were close to those observed in 1972; but 
due to the larger standing crops of copepods, total numbers were more than twice 
as high (50,000/m3 vs. 20,000/m3). 

THE MAJOR SURVEY OF 19 JULY 1973 

This collection date fell midway between the two principal periods of near- 
shore upwelling that occurred in July. The weather was hot and calm with surface 
temperatures between 23 and 25 °C. Secchi disc depths were 2.0 m inshore, in- 
creasing to 6.0 m offshore. Inshore phytoplankton counts were much higher than 
those of 1972 — up to 4000/ml at some stations. 

As in 1971 and 1972, total abundances of zooplankton m the offshore region 
reached their yearly maximum in July. This was 72,000/m^, a figure only half as 
large as that attained in 1972 but as large or larger than offshore abundances 
in July 1971. Inshore and littoral zone totals (67,0u0/m^) were two-thirds the 
1971 and 1972 figures (Fig. 12). Dry weights were below 100 mg/m^ at the 
littoral zone stations and generally between 100 and 200 mg/m^ at the remaining 
stations (Fig. 13), 

Numbers of nauplii, immature and adult Cyclops, and immature Diaxvcnus were 
notably lower than in 1972, but similar to or greater than numbers found in 1971. 
Among the calanoid copepods, D^aptomus minu.tus was as abundant as D. ashlandi 
offshore (>1000/m^) and exceeded D. ashland-i inshore. As may be seen in Figures 
14, 15, 16, and 17, adult Cyatops and D-iaptomus were concentrated offshore; 
iiranatures showed the same tendency but less strongly. 

The second major cyclopoid, Tropoayatops prasinus , had begun to increase 
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FIGURE 12. Horizontal distribution of total zooplankton (///m^), 19 July 
1973. 
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FIGURE 14. Horizontal distribution of 
Cyclops C1-C5 {iHmh, 19 July 1973. 
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FIGURE 15. Horizontal distribution of adult Cyalops (///m^) , 19 July 1973 
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FIGURE 16. Horizontal distribution of 
Diaptorms C1-C5 (///m^), 19 July 1973. 
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17. Horizontal distribution of adult Diaptorms {iUxa. ), 19 July 197 3. 
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its population size by July. We found averages of 400/m^. Abundanco of the 
large calanoid Limnoaalanus maarurus was 120/m^ offshore, almost all of which 
were adults. This is the last month in which immature Limnoaalanus were seen. 

The most interesting find was one which had been suspected but not deter- 
mined quantitatively in past years. Enrytemova af finis immatures were, in com- 
parison with other months, very abundant in July. What is more, this sudden 
surge in numbers of Eurytemora was localized close to shore; abundances were 
llOO/m^ in the littoral zone, 800/m^ inshore, and 100/m^ offshore. Since the 
more abundant calanoid copepods are reduced close to shore, Eurytemova approached 
the relative importance of Diaptomus at the shallowest stations. A yearly maxi- 
mum of adult Eurytemoraj 250/m^ inshore, coincided with the peak in numbers of 
immatures. 

Tne chief difference between this survey and that of July 1972 was in the 
smaller numbers of Bosmina found. Populations were between 10,000/m and 
30,000/m^ throughout the survey area (Fig. 18), amounting to 25-50% of the total, 
whereas in past years Bosmina populations reached 50,000 or more and comprised 
50-80% of the total. A second cladoceran species reaching a July maximum was the 
predaceous Polyphemus pedioulus. Most other cladoceran species had begun to 
increase in abundance by the July date. Daphnia generally numbered 800/m^ (Fig. 
19), most of the increase being in numbers of D. rctroaurva. 

The rotifer Asplanohna priodonta, at 1000/m^ was slightly less abundant than 
in past July surveys. Its horizontal distribution had an interesting and unex- 
plained pattern of localized abundance toward the north (Fig. 20) . 

THE SHORT SURVEY OF 23 AUGUST 1973 

This survey was made during a period of upwelling. Water temperatures were 
below normal August values and were colder inshore (16.4°C) than offshore (19.7''C) 
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FIGURE 18. Horizontal distribution of 
Bosmina (#/m3) , 19 July 1973. 
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I'KiUKK 19. iiorizunLal distribution of Oap^nia spp. (///m^), 19 July 19/5. 
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FIGURE 20. Horizontal distribution of 
Asplanahna (///m^) , 19 July 1973. 
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Secchi depths were close to 2.5 m throughout the survey area. Phytoplankton 
counts were generally between 1000 and 2000 cells/ml. 

As in 1972, inshore and littoral zone zooplankton reached their maximum 
abundance in this month. Copepods were similar in number but, because populations 
of Bosmina had declined greatly from July levels, the magnitudes of these August 
peaks were less than those of the large peaks seen in 1972. The August fauna was 
dominated by immature copepods in all zones. Nauplii and immature cyclopoid 
eopepodids were particularly abundant in the two shallow zones where they averaged 
17,000/m" and 25,000/m^ respectively. Cyclops and Diaptomus were as abundant in- 
shore as offshore, a possible consequence of the upwelling condition. The hypo- 
limnetic Limnoaatanus was found in greater numbers than usual at the offshore 
station (370/m^) but did not show up in samples collected inshore. 

In 1972, the characteristically July genera Bosmina, EurytemorUj Polyphemus, 
and Asplanahna continued to increase their populations into August, then declined 
sharply between August and September. In 1973 all of these species had undergone 
a marked decline by the time of the August survey. In the inshore zone where it 
was most common, Bosmina amounted to only 2500 individuals per cubic meter. This 
left the species of Daphnia, predominantly B. vetroaurva, as the most important 
cladocerans. Daphnia totaled 9000/m^ in the inshore and littoral zones, 40Q0/m^ 
offshore. Diaphanosoma, Eubosmina, Eolopedivm, and Leptodora, although not 
common, appeared with regularity in all samples collected in August. Cerio- 
daphnia quadrangulay e , a regular constituent of the late summer collections of 
1972, remained rare in this and all other months of 1973. 

THE SHORT SURVEY OF 20 SEPTEMBER 1973 

Water temperatures had decreased to about IS^C on 20 September. An 
apparently well mixed epilimnion extended to a depth of 25 m. Thus 15 m of 
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6.5°C hypolimnetic water were beneath the offshore station, DC-6, but only 
epillmnetic water was sampled at all other stations. Secchi depths ranged from 
2.0 m Inshore to 4.0 offshore, and phytoplankton abundance was a nearly uniform 
1200 cells/ml throughout the survey area. 

Zooplankton diversity is usually highest in the autumn. On this date 19 of 
the 21 common species were present, the exceptions being Ceriodaphnia and the 
harpactacoid copepod Canthoaamptus . Total numbers inshore (61,000/m2) were 
similar to those found in past years, while total numbers offshore (24,000/m^) 
were smaller by a factor of two to three. Copepod nauplii were scarce in past 
fall surveys, and this was the case in 1973. Only 1400 nauplii/m^ were found 
inshore and less than 400/m^ were noted offshore. Numbers of Cyclops were 
similar to those seen in past years (10,000 immatures/m^ , 1500 adults/m^) but 
numbers of Diaptomus were lower by a factor of two. 

Bosmina and Asplanahna recovered from, their August lows, Bosmina reaching 
20,000/m^ and Asplanahna 4000/m3 , but this second pulse was confined to the 
shallow stations. This was the only month in which substantial numbers of 
Chydorus were seen — SOO/m^ in the littoral zone, 100/m^ inshore. Daphnia^ 
still predominantly D. retroario'Va, reached their yearly maximum of 11,000/m^ in 
the inshore zone. This number is close to the maxima attained by this genus in 
1971 and 1972. The same may be said of Diaphanosoma (600/m^ inshore) and 
Leptodera (ISO/m^ in the littoral zone). In past years Holcpediiin aibheriun has 
been most abundant in September, reaching 5000/m^ in 1971 and 2700/in^ in 1972. 
In 1973, few samples contained Holopediim in numbers greater than 50/m^. 

THE MAJOR SURVEY OF 23 OCTOBER 1973 

Warm weather prevailed during the first two weeks of October and resulted 
in water temperatures that were as high as those in September, IS^C. Secchi 
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depths of about 2.0 m inshore accompanied phytoplankton abundances of 2000 cells/ 
ml, while offshore readings of 5.5 m accompanied algal counts of 500 cells/ml. 

Offshore dominance by copepods was balanced by inshore dominance of clado- 
cera, producing a nearly unvarying distribution of total numbers (Fig. 21). 
Average offshore abundance was 41,000/m^, the average inshore was 30,000-/m3. 
These numbers are a little smaller than the figures of 40-50, OOO/m^ obtained in 
1972. Biomass was also evenly distributed (Fig. 22), although a few weights 
greater than 200 mg/m^ were obtained in the littoral zone. These samples may 
have been contaminated with filamentous algae. 

Numbers of nauplii continued to decline, falling to 600/m^ in October. 
Another signal of decreasing copepod reproduction was the smaller numbers of 
early instar copepodids of both Cyatops and Diaptomus. Both adults and immatures 
of these species were present in greatest concentrations at the deeper stations 
(Figs. 23, 24, 25, and 26). As was the case in September, Cyclops biauspidatus 
at 11-17, 000/m^ was as abundant as in 1972, while diaptomids at 7-14,000/m^ were 
only half as abundant. Adults of both Diaptomus ashlandi and D. minutus declined 
to what is probably a yearly low. The most common Diaptomus species was D. 
oregonensis (530/m^ offshore) . Both this species and D. siaitis typically are 
most abundant in the late fall. Another fall-maturing calanoid, Episahura 
laaustriSj was seen in maximum numbers (180/m^) on 23 October. 

Among the cladocerans, Bosmina tongirostris was matched in abundance by the 
related species Eubosmina coregoni. As may be seen in Figures 27 and 28, both 
species were most numerous in the littoral zone (6000/m^) and least abundant 
offshore (1200/m^). The two Daphnia species were in nearly equal abundance 
(1000/m^). Daphnia retroaurva typically declines from its August and September 
maxima as the fall progresses while D. galeata increases. Horizontal distribution 
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FIGURE 21. Horizontal distribution of 
total zooplankton (#/m^), 23 October 
1973. 
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FIGURE 22. Horizontal distribution of zooplankton biomass (mg/ni^) , 23 
October 1973. 
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FIGURE 23. Horizontal distribution of 
Cyclops C1-C5 (#/in3), 23 October 1973. 
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FIGURE 2A. Horizontal distribution of adult Cijalops (fZ/m^) , 23 October 
1973. 
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FIGURE 25. Horizontal distribution of 
Diaptomus C1-C5 (#/m3), 23 October 1973. 



5 

I — I— « — s — i-H 

KM 



2000 
.1000- 



500- 




,500- 




■**•*•'**•*•*•*•••*.*■*■*•■■*■"-"•*•*■*•***■***-*••*■*•>*-**"-•-•-•-*-.■-■*.•-■_■. ■_^T_?J'^T_*_*_" •_ T_* ■. .• ******** ******* ■■*fc* ■** **«*.*«*»*fc**"**.*»*^*»*>'.*-*-*^*-*-*-*-*-* ■**■***■**«■*■■ 



'TjTrrt'iriii'rriYiXiVfc'i'i'iTaVir* 



.t......^. ..^^p-^ 



FIGURE 26. Horizontal distribution of adult Diaptomus {i^lm), 23 October 
1973. 
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FIGURE 27. Horizontal distribution of 
Bds-::)!^ (f/m^), 23 October 1973, 
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FIGURE 28. Horizontal distribution of 

Kuho:mn.na (///m^) , 2'^ October 1973. 
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of Daphni-a is mapped in Figure 29. Other species, while present in sufficient 
numbers to produce a high October diversity, had declined from their August and 
September abundances and were relatively unimportant. The rotifer Asplanchna 
was most abundant away from shore (Fig. 30). 

Male Daphn-Ca were common in the October samples, but females were not yet 
ephippial. Males of Bosmina^ Eubosmina^ D'oaphanosoma, and Leptodera were seen 
with less frequency, and again ephippical females were absent. AsplanalvxA. had 
not yet begun to produce resting eggs. 

NIGHT ZOOPLMfKTON 

Since our samples are collected in the form of vertical hauls, time of day 
is not expected to greatly bias estimates of population sizes. However, there 
are three factors which might produce differences between day and night: (1) 
Benthic organisms may leave the bottom and enter the plankton at night. (2) The 
lower one or two meters are inadequately sampled. Species aggregated here during 
the day would be under-represented. (3) Animals migrating upward from deep 
water at night may be diffused shoreward. The latter is probably not great 
enough to produce day/night cycles for. While exchange of water undoubtedly takes 
place, it still permits the maintenance of chemical, phytoplankton, and zooplank- 
ton differences between the inshore and offshore regions. The first two possi- 
bilities are likely and, in order to investigate their magnitude, we collected a 
separate series of samples in 1973. 

On 16 July, the date of the major survey, additional visits were made to 
stations DC-2 (12 m) , DC-5 (23 m) , and DC-6 (37 m) between the hours of 2042 and 
2110. Three vertical hauls were taken at each station, using collection methods 
Identical to those described for the field study. Subsampling, identification. 
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FICliRE 29. Horizontal distribution of 
Daphnia spp. (#/m3) , 23 October 1973. 
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FIGURE 30. Horizontal distribution of Asplanchna (#/m3) , 23 October 1973. 
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and counting were carried out using the same methods. In addition, from one- 
fourth to the entire sample was inspected for Mysis and Pontoporeia. Table 10 
compares the mean abundance of each species caught at these stations in the 
evening with its abundance during the daylight hours. A student's t-test was 
used to test the hypothesis that the means are equal. This test is relatively 
insensitive to nonnormality of the sort likely to be exhibited by these data, 
but in the case of differences of interest (Mysis^ Limnoaalanus , Euvyaeraus) we 
repeated the test using a log (x+1) transformation to verify the significance. 

DC-6 (37 METERS) 

Total numbers of zooplankters at this offshore station were virtually 
identical at the two times, the difference being about 1%. TropoayatopSj 
Daphnia^ and Leptodora were two to three times as abundant at night. This is a 
statistically significant difference, but a difference that is not likely to be 
meaningful. These species generally inhabit the upper water layers and are 
distributed with sufficient patchiness that differences of this magnitude can 
often be found between two stations of the same depth. The opossum shrimp .V%^;\^ 
retiata was absent from all replicates taken at this station during the day, but 
occurred with an abundance of 6.8/m^ in the night plankton. Mysi-s is an epi- 
benthic organism whose nocturnal migrations are well known. A volumetric abun- 
dance of 6.8/m^ is equivalent to an areal abundance of 250/m^ — a population 
estimate as large or larger than is generally obtained with grab samples at this 
station. The benthic amphipod Pontoporeia af finis was present in these samples 
in only miniscule numbers (<0.1/m^). Given the large populations known from 
grab samples to be present at this depth, entry of Pontoporeia into the night 
plankton must be negligible at this time of year. A three-fold and highly 
significant increase in the numbers of the large copepod Limnoaatanus maarurus 
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occurred from day to night. Since this organism inhabits the deepest part of 
the water column, inadequate near-bottom sampling may account for the difference. 
Smaller night increases in numbers of Limnoaalanus were also seen at stations 
DC-5 and DC-2. Zooplankton biomass at DC-6 increased from 78 to 112 mg dry 
weight /m^ at night. This increase was probably due almost entirely to the 
numbers of Mysis and Limnoaalanus in the night samples. 

DC-5 (23 METERS) 

A night increase of about 28% in total numbers at this station was due to 
the greater abundance of Bosmina and of copepod nauplii. Again, this sort of 
difference can be interpreted as plankton patchiness. The one statistically 
significant increase of interest is the change in numbers of My sis veliata. 
None were seen in the daytime samples; h.ljvi? or 104/m^ were found in the night 
samples. Zooplankton biomass increased from 115 to 132 mg dry weight/m^. 

DC-2 (12 METERS) 

This station is of particular interest since it is located close to the 
Cook intake structures. Here total numbers decreased from day to night by a 
factor of 18%, most of the difference being accounted for by changes in the 
number of immature copepods. We attribute these decreases to patchiness. 
Changes in numbers of Diaptomus ashZandi such as the three-fold increase seen 
here may be a recurring feature of the inshore night plankton, since this 
species appears to avoid the upper water layers during the day. But we have 
only limited confidence in this prediction. Mysis and Pontoporeia were both 
absent from night samples collected at DC-2 and Limnoaalanus appeared only in 
small numbers. The one interesting find at this station was the highly signif- 
icant increase in numbers of the large benthic cladoceran, Euryaeraus lamellatus, 
from 30/va? to almost 600/m^ (7200/m2) . Since biomass increased from 114 to 
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134 mg dry weight/m^ while total numbers declined, at least half of the increase 
can be attributed to the presence of Enryaeraus at night. Thus Euvyaeraus would 
make up about 10% by weight of the night zooplankton. One hundred Eurycercus 
were picked from a sample, dried and found to weigh an average of 18 micrograms 
per individual, lending support to this inference. 

Although abundances within the entire column may change little, nocturnal 
migrations produce striking changes in depth distribution. This is illustrated 
by Table il where comparison is made between day and night population estimates 
obtained from tows of a #2 mesh net 1 m below the water's surface. These samples 
were part of a much more extensive series taken for the purpose of determining 
abundance of larval fish. The methods used are discussed in detail elsewhere 
(see Jude et al. 1974). Stations D and C are located near the Cook Plant at 
depths of 9 and 6 m. Station G is located off Warren Dunes State Park at a 
depth of 5 m. Since the more abundant zooplankton species are not sampled 
quantitatively by a net with 371 micron aperatures we considered only the largest 
species, our interest being concentrated on Euryaeraus. 

Entry of Eurycercus tamettatus and a second large benthic cladoceran Alona 
aff-inis into the night plankton appears to be a regular feature of the littoral 
zone during the summer months. Both species were either rare or did not leave 
the bottom on the collection dates in April and October. With the exception of 
Folypherrus, the holoplanktonic species were seen to congregate near the surface 
in numbers several times greater than their daytime abundance. The night sample 
collected at station C in August is of some interest, for it was taken at the 
height of a period of nearshore upwelling. It contained relatively larger 
numbers of the copepods Epischura laaustris and Limnoaalanus and relatively 
smaller numbers of cladocerans. Station G was visited the following day, 22 
August, and the vertical hauls were taken on 23 August. 
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TABLE 11. Abundance in numbers per m-^ of some large, uncommon zooplankton 
species collected in day/night horizontal tows one meter beneath the surface 
(stations D,C,G) and in daytime vertical hauls (V.H.) at survey stations less 
than 10 meters in depth. 
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day 
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night 
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1 


18 





1 


Alo-fia 












1 








Euryaeraus 


'o 






1 


20 





58 


Ho lopedium 


99 






4 


8 


11 


18 


Lep todova 


198 






1 


65 


21 


284 


Polyphemus 


40 












3 





October 
















Limnooalanus 












3 






A lona 



















Euryaeraus 




















283 



On the basis of these results, we would expect that zooplankton entrained 
into the Cook Plant cooling system will exhibit day/night differences to the 
extent that water enters the intake structures from a restricted layer. If, as 
has been predicted, the water is drawn from the entire column, then the major 
difference occurring in the summer is likely to be a nighttime increase in the 
numbers of E:a''yaere:is and, to a smaller extent, Alona. 

VERTICAL DISTRIBUTION 

Patterns of horizontal distribution such as those illustrated in Figures 6 
through 30 reveal abundance to be a function of station depth. In part this is 
due to physical, chemical, and biological differences between inshore and off- 
shore waters, in part it is an artifact of vertical haul sampling. Species most 
abundant in the upper water strata can be expected to be over-represented at 
shallow stations and under-represented at deep stations. Hence knowledge of the 
patterns of vertical distribution exhibited by the Lake Michigan species is of 
value when interpreting results of the field surveys. Most studies have shown 
vertical distributions to undergo complex daily and seasonal rearrangements. 
Thus nothing other than broad generalizations about the principal species in the 
Cook area could be made without an intensive sampling effort. What we sought 
with the separate series of samples reported in this section is a broad idea of 
the offshore daytime vertical distribution on a summer date. 

On 23 August, the date of the short survey, six additional vertical hauls 
were made at the 43-m station DC-6. In addition to the hauls which sampled the 
entire water column, three hauls were taken through the upper 20 m, and three 
replicate samples were made of the upper 8 m. The latter two depths were calcu- 
lated from the amount of line played out and the angle at which the net was 
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retrieved. Each sample was counted using the methods described for the field 
study. 

These short hauls, together with vertical hauls at shallower stations, 
provide a means of comparing abundances in the same water stratum inshore and 
offshore. In addition one can calculate, by a subtraction process, abundance 
by depth interval at the offshore station. Differences in mean numbers of 
animals captured in long and short hauls were divided by differences in volumes 
of water represented by the samples. The results of these computations are 
presented graphically in Figures 31, 32, and 33. 

Position of the thermocline on this date is not known. A typical August 
depth would be 20 m, but, since the inshore region showed evidence of strong up- 
welling during the two previous days, the epilimnion at DC-6 may have been 
shallower. 

Zooplankton were most concentrated, both by total numbers and by biomass, 
at the middle depth. Chief contributors to this concentration were adults and 
inmiature copepodids of Cyclops biauspidatus , immature diaptomids, Diaptomus 
ashlandi and Daphnia vetrocurva. Only two species were more abundant in the 
deepest stratum, Limnoaalanus maarurus and Diaptomus sioilis, Limnooalanus being 
restricted to the hypollmnion. Most cladoceran species, as well as the rotifer 
AspZanahruXi favored the uppermost layer, but with the exception of the four 
species represented in Figure 33 were found in only small numbers, HoZopediurr. , 
whose gelatinous sheath reduces its specific gravity, showed a particularly 
strong preference for the near-surface water. Among the copepods the small 
cyclopold Tropoayalops pvasinsus^ in contrast to the larger Cyclops biouspidatus , 
was two to three times as abundant in the upper 8 m. Eurytemora affinis adults 
and immatures appear to have been limited to the upper stratum. 

The four Diaptomus species are of particular interest, for the coexistence 
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of congeneric species is thought to imply a distinct separation of niches. 
Vertical distribution provides one way in which they may divide the environment, 
others being differences in size, feeding habits, season of maximum abundance, 
and season of reproduction. Investigators of other lakes (Rigler and Langford 
1967; Langford 1938; Patalas 1969; Carter 1969; Wilson and Roff 1973) have 
generally found Diaptomus minutus to be most abundant near the surface. Diaptomus 
oregonensis is normally found at a greater mean depth, but there is considerable 
overlap of the two species. When they occur in the same lakes, B. asktandi and 
D. siailis usually have a deeper distribution. Wells (1960) , reporting on Lake 
Michigan, concluded that all four species were most abundant in the epilimnion 
with G. minutus showing the strongest preference for the upper layers and D. 
ashtaridi the weakest. Thus the distributions of the Diaptomus species shown in 
Figure 32, with a descending order of 0. minutus ^ D. oregonensis ^ D. ashlandi^ 
and D. siailis j are consistent with the reported behavior of these organisms. 

There is a definite trend for smaller species (.TropoayalopSj D. minutus^ 
Bosminaj Asptanahna) to favor the upper layers and for larger species iCyctopSj 
the other Diaptomus species, Daphnia^ LimnoaaZanus) to favor the middle or lower 
parts of the water column. This is evident when biomasses are divided by numbers 
to calculate an average dry weight per animal. Average weights were 1.4 micro- 
grams in the first 8m, 1.7 micrograms in the next 12 m, and 3.4 micrograms in 
the bottom 23 m. 

It is worth noting that, while the species were usually more concentrated 
in one of the depth intervals, most could be found in quantity in all three 
zones. Neither the surface layer nor the hypolimnion were empty of zooplankton. 
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NATURAL HISTORY 

In this section we summarize information about the Cook area species of 
zooplankton that we have accumulated over nearly four years of biological 
surveys. For each major species, abundance data from this and past years are 
presented graphically for each of three depth zones. Plotted are the means of 
abundance at all stations within each zone plus or minus one standard deviation 
of the mean. For species of Cyato'ps, Diaptomus^ and Daphnia, we have plotted 
abundance at the stations where specific identifications were made — DC-2, DC-5 
and DC-6. In this case error bars enclose plus or minus one standard deviation 
of the mean of sample replicates. Data from 1970 is omitted when it is not 
directly comparable either because of different net mesh size or because of 
differences in sorting methods. 

A representative number of immature copepods from 1973 samples were 
separated by instar with the aid of the descriptions of Cyclops strenuus con- 
tained in Gurney (1933) , of Diaptomus species in Czaika and Robertson (1968) of 
Episahura lacustris in Main (1961) , of Eurytemora hirundincidee in Davis (1943) , 
and of Limnooalanus gvimaldii in Lindqulst (1959). Our usual procedure was to 
stage either all or the first 50 immatures encountered in a selected subsample. 

COPEPODS 

Copepod nauplii (Fig. 34). Our nets probably retain about half of these 
smallest stages of immature copepods. Calanoid nauplii, being larger, are more 
representatively collected than are cyclopoid nauplii. With the exception of 
Limnooalanus i nauplii of the several copepod species in Lake Michigan are not 
readily separable. Collectively they are found in lowest numbers during the 
winter months. Increases are seen through the spring, with the largest increases 
near the shore. Maxima of more than 20,000/m3 occur in July and August and are 
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followed by low numbers in the fall months. A similar pattern was reported by 
Johnson (1972) in southernmost Lake Michigan and by Heberger (1973) in Lake 
Erie. Numbers of nauplii may be expected to reflect rates of copepod egg 
production. 

Cyclops bicuspidatus thomasi (Figs, 35 and 36). Cyclops is a raptorial 
feeder whose adults and late instar immatures prey heavily upon rotifers and 
nauplii (McQueen 1969), less commonly upon immature diaptomid copepodids. On 
a yearly basis, this is the most important zooplankton species in Lake Michigan 
and throughout most of the Great Lakes (Patalas 1972; Gannon 1972). In the 45 
lakes studied in the experimental lakes area of northwest Ontario, presence of 
C. biauspidatus was highly correlated with large, deep, transparent waters, and 
the species seldom appeared in shallow lakes (Patalas 1971b) . It apparently 
does well in cold water, for winter population maxima are often reported and 
there is little regularity in published patterns of seasonal abundance. 

In the Cook area, we find largest numbers of both adults and immatures in 
the midsunmier months of July and August. During the winter, Cyclops are 
numerically fewer but make up a larger percentage of the fauna — up to 50% . 
Adults increased their numbers over both the winters of 1972 and 1973, while 
immatures became relatively scarce. This would seem to indicate low repro- 
ductive rates during these months. Egg-carrying females were found in samples 
from every month, but the highest percentages were seen in July. 

Figure 37 diagrams the abundance of each Cyclops bicuspidatiiS instar at 
two stations in 1973. Results from a third station, intermediate in depth, 
have been inserted for the months of the major surveys. During April and May, 
CI and C2 copepods outnumber other immature instars; reproductive rates are 
increasing. Early instars continue to predominate at the inshore station 
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FIGURE 36. Seasonal distribution of Cyolopa biauspidatua abundance at three stations. 
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throughout the sununer, but C3, C4, and C5 copepods are as numerous as CI and 
C2 at the offshore station. We suspect that progressively larger inunatures 
occupy progressively deeper positions in the water column until, like adults 
(C6) , they are most concentrated offshore. In October, late instars out- 
numbered early instars both inshore and offshore, implying that egg production 
and/or nauplii survivorship had fallen off. If an equal amount of time was 
spent in each instar, one would have to infer from Figure 37 that copepodid 
mortality is very low or nonexistent. The more likely explanation is that much 
less time is spent in passage through the earlier instars. 

Cyclops biauspi-datus adults are likely to be evenly distributed in the 
water column during spring and fall circulation and concentrated near the 
thermocline during the summer (Carter 1969; Wilson and Roff 1973). 

Cyclopoids sometimes enter diapause in late summer, but none of the 
encysted copepods we have examined from the Cook area sediments have been 
Cyclops biauspidatus . Females of this species usually outnumber males in all 
months of the year. We obtained male:female ratios of 49:51 in 1973 (n = 1588), 
39:61 in 1972 (n = 4489), and 40:60 in 1970-71 (n = 1991). 

Cyclops vernalis. We find this cyclopoid in only small numbers within the 
Cook area. It is most likely to be encountered inshore during the summer 
months. In the Great LakeSj C vevnalis is common only in the western basin of 
Lake Erie (Patalas 1972) and in Green Bay (Gannon 1972). Carter (1969) found 
it in Parry Sound during the warm months only, and Heberger (1973) characterized 
it as a littoral species in central Lake Erie. 

Euoyclops agilis and Paraoy clops fimbviatus poppei. Benthic habits prevent 
these species from appearing other than rarely in our plankton samples. They 
arc probably uncommon in the Cook area. 
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Mesoayatops edax. This species is characteristic of small lakes and ponds 
where it is generally an aestival species. In the Great Lakes it is common only 
in Lake Erie (Davis 1969; Patalas 1972; Heberger 1973) and in Green Bay (Gannon 
1972). It is believed to have been of greater importance in the Lake Michigan 
zooplankton before the establishment of alewife as the dominant planktivores 
(Wells 1970). Mesoayatops has remained exceedingly rare throughout the period 
in which we have sampled the Cook area. 

Tvopooyatops pvasinus mexioanus (Fig. 38). This species and its European 
varient usually inhabit small lakes and ponds (Gurney 1933; Rylov 1963; Patalas 
1971b). Its success in the Great Lakes is thus somewhat of a mystery. In 
Parry Sound and in Shawanaga Inlet of Georgian Bay it was found to be least 
abundant in the spring, common by midsummer, and an important constituent of the 
fall zooplankton (Carter 1969, 1972). Results obtained from Lake Ontario by 
Patalas (1969) indicate a preference for warm water and a fall peak in abundance. 
Johnson (1972) did not find Tvopoayolops in Indiana waters of Lake Michigan until 
July. He reports an October maximum. 

In the Cook area, Tropoayalops overwinters in very low numbers and increases 
its population slowly during the early summer. Not until July does it reach 
100/m . Peak numbers are found in August and September, and populations remain 
above 700/m^ into November. The percentage of ovigerous females is highest in 
July; inunatures are not sampled quantitatively but appear to be most numerous in 
August. 

We found greatest densities of this species in the uppermost water layers, 
as did Carter (1969) , Patalas (1969) and Wilson and Rof f (1973) . We do not see 
the preponderance of females reported by Carter, but females of this species do 
outnumber males. Ratios were 39:61 in 1973 (n = 520), 48:52 in 1972 (n = 646), 
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and 38:62 in 1970-71 (n = 602). Only in October 1972 did males exceed females. 

Diaptomus spp. C1-C5 (Fig. 39). Separation of immature diaptomids by 
species is difficult in the Great Lakes whtire up to four species can be present, 
and it has yet to be undertaken. On the basis of gross morphology, a mixture 
of copepodids of all species appears to be present throughout the year, with the 
smaller immatures of D. ashZandi and D. minutus most numerous in the spring 
months and immature copepodids of D. oregonensis and D. siailis making up a 
larger portion of the grouping in the early fall. Gannon (1972) did not find 
immature diaptomids until June at his offshore Lake Michigan station. He found 
highest densities in the July to September period, as did Johnson (1972) in 
southern Lake Michigan. This is the period in which we find the most Diaptomus 
immatures in the Cook area (10-20, 000/m^) . We also find these stages in the 
winter and early spring, but numbers are always less than 1000/m^. 

Diaptomus immatures are less abundant inshore than offshore, but differences 
are less pronounced than with adults. Figure 40 presents the results of an in- 
star analysis of this group and shows an overall pattern resembling that of 
Cyclops C1-C5. In April and May early Instars predominate; during the summer 
fewer late instars are captured inshore than offshore, and in the fall the most 
abundant stages are C4 and 05 copepodids. Again it may be inferred that repro- 
duction accelerates in the spring and declines in the fall, that later instars 
occupy progressively deeper positions in the water column, and that development 
is most rapid during the early stages. 

Diaptomus ashlandi (Fig. 41). Whittaker and Fairbanks (1958) found this 
species only in the open waters of oligotrophic lakes. It was not seen by 
Patalas (1971b) in the Experimental Lakes Area of northwest Ontario, and 
occurred in only one of the 100 southern Ontario lakes sampled by Rigler and 



297 



APR 



MAY 



J UN 



Jin. 



AUG 



SEPT 



OCT 



2000 


2000 


4000 
2000 


6000 
4000 
2000 


6000 
4000 
2000 


4000 
2000 


4000 
2000 





DC-2 
13 m 



DC- 5 
25 m 



DC-6 
40 m 



^ n 



rnri — i ■ 



U=] 



1---I.. 1 : :f=i 





a 



Cl C2 C3 C4 C5 C6 



CI C2 C3 C4 C5 C6 



Cl C2 C3 C4 C5 C6 



FIGURE 40. Abundance in ///m^ of Diaptomus copepodid instars at 3 stations on 3 
dates and at 2 stations on all survey dates in 1973. 



298 



Langford (1967). In the Great Lakes, D. ashlandi is absent from Lake Ontario 
(Robertson 1966; Patalas 1969) and scarce in Green Bay (Gannon 1972). It does 
well elsewhere, and in Lake Michigan it is the dominant calanoid copepod. 

Highest numbers of this species are often recorded in the summer, but winter 
populations are nearly as large, making it a particularly important species at 
that time of year. Gannon found low numbers only during October and November of 
1969, the time of year in which lowest populations are found in the Cook area. 
In winter, spring, and summer, offshore abundance remains above 1000/m^. In- 
shore, D. asKlandi exceeded SOO/m^ only on the three April survey dates and on 
the August 1973 date (when upwelling occurred) . The species is proba;bly concen- 
trated in the metalimnion during the months of stratification, distributed 
throughout the column during times of complete mixing. 

Davis (1961) found more ovigerous D. ashtandi- in April than in other months. 
In the Cook area, this species reproduces throughout the year, but we see the 
most signs of reproductive activity in April. About one-third of the D. ashtandi 
females carry spermataphores at this time. Largest percentages of egg-bearing 
females are seen in May, and lowest percentages occur in late fall. Males are 
usually slightly more numerous — ratios of males to females were 54:46 in 1973 
(n = 1652), 52:48 in 1972 (n = 3122), and 61:39 in 1970-71 (n = 1077). 

Diaptomus minutus (Fig. 42). This species is a frequent inhabitant of 
small lakes, but in the Experimental Lakes Area it was more likely to dominate 
in the transparent waters of deeper lakes (Patalas 1971b). In the Great Lakes, 
it is most abundant in Lake Huron (Patalas 1972) and in Lake Michigan exclusive 
of Green Bay (Gannon 1972). Like D. ashtandi-j D, minutus was present at Gannon's 
offshore station in substantial numbers during all months but October and Novem- 
ber. Largest catches of this species (1000/m^) have occurred during the sunmer 
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FIGURE 41. Seasonal distribution of Diapix»nu8 aahlandi abundance at three stations. 
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months in the Cook area, while the smallest catches took place in the fall. A 
second minimum appears to occur in June, perhaps because overwintering adults 
die before maturation of spring cohorts. Diaptomus minutus is often as abundant 
inshore as offshore, a probable consequence of its pronounced preference for the 
upper water layers. Such a preference has been reported by Langford (1938), 
Wells (1960) , Rigler and Langford (1967) , Patalas (1969) , Carter (1969) , and 
Wilson and Roff (1973). 

Davis (1961) listed March, April, and May as the months of maximum repro- 
duction in Lake Erie. We have found reproductive females of this species in all 
but the winter months, with egg production highest during the period April to 
August. Sex ratios have seldom varied from equality, being 49:51 in 1973 (n = 
736), 50:50 in 1972 (n = 1001), and 49:51 in 1970-71 (n = 586). 

Diaptomus ovegonensis (Fig. 43). Smaller lakes frequently contain this 
copepod, as do the warmer, more southerly portions of the Great Lakes (Robertson 
1966) . It is the most conmion diaptomid in the central and eastern basins of 
Lake Erie (Davis 1969) and in Green Bay (Gannon 1972) . In the Experimental 
Lakes Area of Ontario, it was not found in deep or transparent lakes (Patalas 
1971b). 

Reports vary as to the month in which D. oregonensi-s is most abundant, the 
species usually being persistent throughout the year. Gannon did not find any 
definite peak in Lake Michigan. In the Cook area, we have noticed a trend for 
D. ovegonensis to appear in larger numbers in the late fall. A moderate 
quantity of ovigerous females have been found in all survey months but June and 
November; reproductive individuals have not been seen in winter samples. 
D-iaptomus ovegonensis is known to produce resting eggs (Cooley 1971) . 

The species is usually more abundant offshore, where it occupies the upper 
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and middle water layers. Langford (1938) reported immatures of B. oregonensis 
to inhabit the hypolimnion in Lake Nipissing and move into the epilimnion as 
they matured. 

We almost always find fewer males than females. Ratios were 35:65 in 1973 
(n = 482), 41:59 in 1972 (n = 844), and 45:; 55 in 1970-71 (n = 100) 

Diaptomus veighardi. A single individual of this pond form was found in 
the Cook area in 1972. 

diaptomus sidtis (Fig. 44). In the Great Lakes region, this diaptomid is 
most commonly associated with large deep bodies of waters. Patalas (1971a) 
found it miaking up 81% of the summer plankton in Great Bear Lake, 45% in Lake 
Superior, 13% in Lake Huron, and to be unimportant in Lakes Erie and Ontario. 
In Lake Michigan it seldom exceeded lOO/m^ during the year of Gannon's 1972 
study, and it was absent from Green Bay. Cold water seems to be the chief 
requisite to its success, for it can be fovmd in smaller, more eutrophic lakes 
where it occupies the lower part of the water column (Rigler and Langford 1967) 
Wilson and Roff (1973) have also demonstrated this behavior in Lake Ontario. 
Great Lakes investigations conducted in shallow water (Davis 1954; Carter 1972; 
Johnson 1972; this study) report largest numbers of Z). siaitis during the 
winter months. 

Winter breeding was noted by Davis (1961) and inferred by Wells (1960) . 
This is in conformity with our findings. Reproductive individuals are most 
common during the period November to May, although a few ovigerous females 
were found in Cook survey samples of June and July 1973. Sex ratios favored 
females 41:59 in 1973 (n = 135), were an even 50:50 in 1972 (n = 164), and 
favored females 43:57 in 1970-71 (n = 58). 



Episahura laaustris (Fig. 45). This large calanoid is found throughout the 
Great Lakes and in numerous smaller lakes, but because it is not greatly abundant, 
little information about its ecology has been added by most studies. It seems 
to be a summer and fall species that is most characteristic of deep transparent 
lakes. Episahura laaustris was the subject of an intensive natural history in- 
vestigation by Main (1961), and most of our knowledge comes from his work. In 
Whitmore Lake, Michigan, Main found two generations of Episahura^ one hatching 
from resting eggs in the spring and maturing in the summer, and a second hatching 
from summer eggs produced by the first generation and maturing in the fall. 
Whether there are two generations in Lake Michigan cannot be determined from our 
data, but the production of fall resting eggs is a likelihood. Gannon (1972) 
found Episahura at his Lake Michigan station only during the period July to 
November, and Episahura are also absent from the Cook area during the winter and 
spring months. Adults first appear in midsummer and do not become common until 
the fall when they reach 150 or more per cubic meter both inshore and offshore. 
Immatures are also most numerous at this time, as are spermatophore-bearing 
females. 

Eurytetiiora af finis (Fig. 46). This brackish water copepod entered the 
Great Lakes and became well established 10 to 15 years ago. It is not found in 
smaller lakes, nor is it ever reported as a dominant species in the Great Lakes. 
Association of Eurytemora with warm water is a conclusion shared by several 
studies. Carter (1969) describes the species as common to the coastal shallows 
of Parry Sound. Wells (1970) noted a preference for the surface waters of Lake 
Michigan, with a population maximum in July. Patalas (1969) investigating Lake 
Ontario, Gannon (1972) and Johnson (1972) investigating Lake Michigan, all found 
greatest densities of Eurytemora in the month of August. When Gannon , sampled 
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surface waters in transects across Lake Michigan, Eurytemora was consistently 
more abundant near shore. Eurytemora af finis was the only calanoid copepod he 
found in the littoral zone of Green Bay. 

The Cook surveys also yielded largest numbers of Eia'ytemora in July and 
August (100-300/m3) . Immatures appear as early as April, presumably hatching 
from resting eggs, but adults are not normally seen before June. Densities are 
■•-.ichest at inshore and littoral zone stations. As diagramed in Figure 47, 
inmatures found in the spring months of 1973 were predominantly CI and C2 
copepodids. From July onwards, all instars were found in nearly equal relative 
abundance. At the time of the July peak, numbers of immatures were much higher 
close to shore. Highest percentages of ovigerous females were seen in July. Sex 
ratios favored males in July; data from other months are limited but have been 
averaged with July data to produce yearly male; female ratios of 58:42 in 1973 
(n = 556), 51:49 in 1972 (n = 94), and 64:36 in 1970-71 (n = 44). 

Limnooalam^s maorurus (Fig. 48). A wealth of evidence supports the notion 
that this glacial relict is a cold-water stenotherm restricted to the hypo- 
limnion and present only in large, deep, northern lakes (Langford 1938; Wells 
1960;.Rigler and Langford 1966; Carter 1969; Patalas 1969, 1971b, and 1972). 
It is nearly absent from Lake Erie (Robertson 1966; Davis 1969), absent from 
all but the northernmost part of Green Bay (Gannon 1972) , and was not seen 
during the months of Johnson's (1972) study of southern Lake Michigan. 

Carter's publication includes a life history of this organism in Parry 
Sound, Georgian Bay. Only one generation was produced per year, with breeding 
during the period October to December. The first new-generation adults appeared 
in March, and from May to November the majority of the copepodids were C6 
(adult). Carter found that successively larger stages occupied greater depths 
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and that all moved down in the water column with warming of the lake. Similar 
depth distributions occur in Lake Ontario, according to Wilson and Roff (1973). 
In Lake Michigan, Gannon (1972) found spermatophore-bearlng females in the 
winter and copepodids 4 and 5 in April. He saw Limnoaalanus in Milwaukee Harbor 
only during the winter. 

In the Cook area, Limnoaalanus were collected in winter entrainment samples, 
but during the April to November period of field surveys they were collected in 
number only at stations in the offshore zone. One exception was the survey of 
April 1972, a survey taken before water temperatures had reached 4°C. In the 
offshore zone, numbers are low in April and May — a period during which the last 
old-generation individuals disappeared. From July to November, fluctuations 
probably reflect position of the thermocline, with lowest numbers being caught 
when the thermocline is deepest. 

Figure 49 illustrates abundance by instar for those 1973 survey months 
during which immatures were present in the Cook area. A single generation per 
year is evident, with winter breeding and spring maturation. On all survey 
months the inshore waters contained fewer Limnoaalanus immatures, and these 
were almost exclusively nauplil and C1-C3 copepodids. Early instars predominated 
at all stations in April; in May the later instars were equally abundant while 
numbers of nauplii and CI copepodids had decreased. By June only C4, C5, and 
adult copepodids could be found, leaving the inshore region empty of Limno- 
aalanus. A noticeable increase in the numbers of adults occurred. These adults 
were free of the epizoic protozoa which infest adults collected in April, so we 
assume they were newly-molted individuals. In July the population consisted 
almost entirely of adults, and immature Limnoaalanus were not seen from August 
to October. In 1972, Limnoaalanus nauplii were collected in October, indicating 
the onset of breeding, but no nauplii had appeared by the October 1973 date. 
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FIGURE 49. Abundunco in ///m^ of Limnoaalanus nauplii and copcpodid instars at 
tlircn stations on four dates in 1973. 
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Spermatophore-bearing females were found in winter entrainment samples. 

Nearly equal proportions of the sexes have been counted between 1970 and 
1973, 47:53 (n = 216). 

Seneoel'la aatanoides . This Lake Michigan species is effectively absent 
from our collections throughout the year. Its occurrence in the Great Lakes is 
restricted to regions of greater depths than the Cook area. 

Canthoaamptus sp. A harpacticoid copepod frequently collected by Gannon 
(1972) in Lake Michigan plankton was identified by M. S. Wilson as Canthoaamptus 
robertaokeri. Our best taxonomic efforts assign the harpacticoid common in the 
Cook area to the species Canthoaamptus staphylinoides . Harpacticoids are 
benthic, but Canthoaamptus is often found in the upper water layers far from 
shore (Swain et al. 1970; Gannon 1972) so a partially planktonic role can be 
assumed. Females carrying eggs were collected from the Cook area in the winter 
and in April and May. Harpacticoid nauplii and immatures were common in the 
month of May. From July to November this organism is much less likely to enter 
the plankton and immatures or ovigerous females are rare. Encysted Canthoaamptus 
can be found in sediments from the Cook area, but quantitative information about 
this interesting phenomenon is unavailable. 

Bvyoaamptus sp. A second harpacticoid, rarely found, appears to belong to 
the Bryoaornptus hiemalis group. 

CLADOCERANS 

Alona affinis. This large benthic cladoceran occurs in the littoral zone 
of the Cook area during midsummer. It often wanders off the bottom at night, 
but it has always been rare in daytime plankton samples. 
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Bosmina. longirostris (Fig. 50). Bosmina longirostris is the most abundant 
crustacean in the summer zooplankton of the Great Lakes. While it has been sug- 
Ht'sted .is an indicator of eutrophic conditions, conclusions based on its abundance 
are particularly venturesome because population sizes fluctuate rapidly. We 
believe that it is best thought of as an indicator of unstable conditions. 
Bosmina is found in all lake types and, in the Experimental Lakes Area, does not 
preferentially dominate any one type (Patalas 1971b). As early as July 1927, 
Eddy found 120,000 Bosmina "tongi spina." per cubic meter in Lake Michigan near 
Chicago. This number is comparable to the maxima reported by Johnson (1972) 
in July samples collected off Burns Ditch and Gary, Indiana, and to the July 
and August maxima that occur in the Cook area. Peaks also occur in July and 
August in Lake Ontario (Patalas 1969) . Bosmina are more numerous in the upper 
water layers (Wells 1960; Patalas 1969; Wilson and Roff 1973), and within the 
surface waters they are more abundant near shore (Gannon 1972) . 

Bosmina seem to be adapted for rapid reproduction, making it possible for 
them to take advantage of periods in which food is plentiful. If they are less 
effective competitors than Daphnia, this may explain the rapid population de- 
clines V7hich occur in late August when food is likely to become limiting. It 
may also explain why the inshore regions, which receive infusions of upwelled 
nutrient-rich waters, contain more irregularly fluctuating populations. 

In each month of 1973, we measured the length to the nearest 25^ of 200 or 
more Bosmina from samples collected at stations DC-2, DC-5 and DC-6. Lengths 
were measured with the occular micrometer of a dissecting microscope at a 
magnification of 98 diameters. Length frequencies changed from month to month 
but varied little between inshore and offshore, hence we combined the measure- 
ments for each month to produce Figure 51. Rammer (1926) found four instars in 
European populations of Bosmina longirostris, the last two of which were 
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FIGURE 51. Length frequency of Bosmina longirostris collected 
in the Cook survey area of Lake Michigan in 1973. Stippled 
portions of bars indicate frequency of gravid individuals. 
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reproductive. Since the ranges in lengths exhibited by each instar overlap 
those of other instars, cladocerans cannot be staged confidently by means of 
their length. If Rammer's data are applicable to Lake Michigan Bosmina, then 
those individuals measuring 250vi or less may be assigned to the first instar 
and those bearing eggs (the stippled portion of Fig. 51) may be assumed to have 
reached at least the third instar. 

A size shift with increasing temperature is evident in the Cook area popu- 
lation. A majority of those individuals that may be associated with Rammer's 
first instar measured 250y in April, May and June and again in September and 
October. In July and August, 225ij Bosmina were more frequent than 250y in- 
dividuals. June, July, and August were the only months in which 200iJ individuals 
were found. Frequency of large individuals declined from April, when about 35% 
of all Bosmina measured 400y or more, to July, when less than 5% attained this 
length. It may be supposed that the April population contained large numbers of 
older, overwintering individuals. High percentages of those Bosmina measuring 
325iJ or more were gravid during April, May and June when the population was in- 
creasing in size. At the time of maximum numbers, July, a decline in the per- 
centage of gravid Bosmina was evident. This was followed by a sharp decrease In 
the size of the population. 

A small number of males and ephipplal females are found in the Cook area in 
July and again in October, but not until November do they make up 10% of the 
Bosmina populations. 

Chydovus sphaevious (Fig. 52). Chydorus is a littoral organism which often 
enters the limnetic zone of small lakes in the autumn. It has been associated 
with eutrophic conditions. In the Great Lakes it is usually listed as an unim- 
portant member of the summer and fall faunas. Two exceptions are Gannon's 1972 
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finding of 8-15,000 individuals per cubic meter in the September plankton of 
Green Bay and Heberger's 1973 report of 30,000 Chydoridae/m^ in the Inshore 
September plankton of Lake Erie. Highest abundances reported from the open 
waters of Lake Michigan are the 470/m3 found by Johnson (1972) at the southern 
end of the lake. 

In the Cook area, abundances in the inshore and littoral zone are distinctly 
higher than in the offshore region. Numerical maxima occur between July and 
September and seldom exceed 200/m^. 

Ceviodaphnia quadrangula . Ceriodaphnia is a pond genus which only dominates 
the zooplankton of the smallest lakes. Some of the highest counts recorded in 
the Great Lakes are those of Johnson (1972) in the southern extreme of Lake 
Michigan — over 2000/m^ . These were obtained in August , the same month In which 
our counts are generally largest (up to 400/m3) ^ Ephippial females have been 
found in October samples from the Cook area. 

Daphnia galeata mendotae (Fig. 53). This Daphnia is present in all lake 
types but more frequently in larger, deeper, more transparent water (Patalas 
1971b). It is rare in Lake Ontario (Patalas 1969; Wilson and Roff 1973) and in 
the southern part of Green Bay (Gannon 1972) , but it does well in Lake Erie 
(Patalas 1972; Davis 1969). In the Cook survey area of Lake Michigan, d. galeata 
reaches population levels greater than 1000/m^ both inshore and offshore in the 
fall. VThile occasional individuals can be found in the winter and through the 
spring, it does not appear regularly in samples until August — a month later than 
1). retrocurva. Peak numbers are likely to be in October, again one month later 
than D. vetroaurva. In November, numbers of D. galeata equal or surpass those 
of D. retrocurva. Sexual reproduction begins in October when males appear, 
followed shortly by ephippial females. In the late fall, over 30% of the Cook 
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FIGURE 53. Seasonal distribution of Dqphnia galeata abundance at three stations. 
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area population are males. Daphnia galeata appears to occupy a higher position 
in the water column than that of D. vetvoGVTVa. 

Daphnia longiremis . Daphnia longiremis is a cold-water species whose 
southern limit is the Great Lakes region (Brooks 1957). Investigators have re- 
ported both winter population peaks and midsummer peaks in the hypolimnion. In 
the Great Lakes, D. Zongiremis has only been described as an uncommon offshore 
species. In the Cook area it is generally absent. More were found in winter 
entrainment samples than at other times of the year. 

Daphnia vetroouwa (Fig. 54). This species is an important late-summer 
component of the zooplankton in all of the Great Lakes but Superior. It can be 
found also in smaller lakes and is most likely to dominate in lakes of inter- 
mediate trophic state (Patalas 1971b) . August and September were the months in 
which Patalas (1969) found largest numbers in Lake Ontario. Wells (1960), Gannon 
(1972) , and Johnson (1972) observed a Lake Michigan pattern of appearance in 
July, rise to dominance in August and September and decline in the fall. This 
is also the seasonal distribution that recurs in the Cook area. Our maximal 
abundances of 8-15,000/m^ are smaller than those obtained by Johnson, and larger 
than those of Gannon. Only occasional individuals can be found in the spring, 
and they are usually immature, low-helmeted females. Summer and fall forms are 
tall helmeted but do not develop the strongly recurved shape seen in smaller 
lakes and in the western basin of Lake Erie. Small, immature Daphnia predominate 
in July and August. As the fall advances, modal size increases and males and 
ephippial females make their appearance. From 10 to 15% of the Daphnia retro- 
curva population are males in October and November. 
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Diaphanisoma leuahtenbergianwn (Fig. 55). Diaphanosoma often dominates the 
zooplankton of small bodies of water, but it plays only a minor role throughout 
the Great Lakes. In the Cook area it has always been rare or absent before 
August. Peak numbers occur in September and at this time males appear. As the 
water cools in the fall, populations decline rapidly to zero. 

Eubosmina aoregoni (Fig. 56) syn. Bosmina covegoni oovegoni. In September 
1969, Gannon (1972) found 1200 Eubosmina per cubic meter at his offshore Lake 
Michigan station and SSOO/m^ in Milwaukee harbor. Patalas (1969) recorded 
August and September peaks in Lake Ontario. In the Cook area, this species 
does not become plentiful until September and does not reach maximum numbers 
(5,000/m3) until October and November. Thus only in the late fall does it equal 
or surpass Bosmina longirostris in importance. 

Figure 57 contains length-frequency histograms for Eubosmina similar to 
that presented for Bosmina. Sufficient data were available only from those 
months in which Eubosmina is abundant. As the population size increased from 
August to October, higher frequencies of small individuals (early instars) were 
seen. The percentage of gravid Individuals fell in October, the month in which 
populations probably peaked. 

Cook survey samples contain male Eubosmina and ephippial females in 
October and November. 

Euryaerous lamellatus . This large benthlc cladoceran was not noticed in 
Lake Michigan until 1954 (Wells 1960) , and its role in the limnetic plankton is 
generally considered minor. It has occasionally been reported by European 
workers to stray from the bottom at night (Frey 1971) . Examination of our 
records for past July surveys reveals that Euryaerous is most likely to be en- 
countered in plankton samples collected at stations between 10 m and 20 m in 
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depth. During the summer It is present in night plankton samples from the Cook 
area (SOO/m^) but rare in daytime samples. Rhodes (1971), studying the food 
habits of alewife at the shallow southern end of Lake Michigan, found that 
Eupycevaus made up 20% by volume of the stomach contents of fish caught in 
August and September. 

Eolopedium gibheTum (Fig. 58). While HotoTpedium has been described as an 
indicator of oligotrophic soft waters (Piejler 1965) , it dominated only those 
Experimental Lakes Area waters which were shallow and highly colored (PataLas 
1971b) , and it is often abundant in the comparatively hard waters of Lakes 
Huron and Michigan. Gannon (1972) found 250/m3 at an offshore Lake Michigan 
station in 1969 but very low numbers in Green Bay. In the Cook area, Holopediim 
is a fall species which sometimes produces blooms of 2-4,000/m^ in September 
(1971 and 1972) and in other years does not exceed 500/m3 (1970 and 1973) . 
Males appear in the fall, with up to 25% of the population being male by Novem- 
ber. Langford (1938) found this species to have a distinct preference for the 
upper water layers in Lake Nipissing. 

Ilyoavyptus sordi-dus, Leydigia quadrangulco'is, Maovothrix latioornis, 
Pleuvoxus dent'ioutatus . Seasonal dynamics of these benthic cladocerans are not 
known for the Cook area. They are rarely caught in plankton samples. 

Latona setifeva, Saapholeheris kingi^ Sida avystallina. These littoral 
cladocerans are extremely rare in the region of the Cook plant. 

Leptodora kindtii (Fig. 59). Leptodora is present throughout the Great 
Lakes, but methods designed to estimate populations of smaller, more numerous 
zooplankters often fail to provide information about this large predaceous 
cladoceran. Averaging of several stations from the Cook study area makes 
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FIGURE 58. Seasonal distribution of Bolopedium abundance In three depth zones. 
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59. Seasonal distribution of ieptoiom abundance In three depth zones. 



visible a very regular seasonal pattern in southeastern Lake Michigan. 
Leptodora are absent before July, increase to 100-200/ni2 in August and Septem- 
ber, and then decrease to near zero abundance by November. Timing coincides 
with the dominance of Daphnia and maximal numbers of several other large cla- 
doceran species. Leptodora populations are largest in the littoral and inshore 
zones. Males appear in the autumn. 

Polyphemus pedioulus (Fig. 60). Little is known about the ecology and 
natural history of this predator. In the Great Lakes it is always reported as 
appearing in the plankton briefly and in small numbers. Patalas (1969) found 
it in Lake Ontario only in July and August. Gannon (1972) saw Polyphemus only 
in August samples from Lake Michigan. It is an aestival species in the Cook 
area, appearing suddenly in July, reaching peaks of 300-600/m3 and then dis- 
appearing in the fall. Abundances are higher inshore and in the littoral zone. 
Appearance of Polyphemus coincides with periods in which the zooplankton is 
dominated by small organisms — the cladoceran Bosmina longivostpis and several 
rotifer species. 

ROTIFERS 

Quantitative information about all but the largest rotifer species, 
Asplanohna priodonta, is precluded by the mesh size of our nets. However, 
some qualitative observations can be made about the Cook area. In April and 
May the 1973 fauna was dominated by Synohaeta and by Brachi^onus spp., with 
noticeably larger numbers of rotifers in the warmer inshore waters. Standing 
crops and species richness were highest in June and July, with Kevatella 
quadixita and the colonial Conoah-ltus un-iaomis most conspicuous in our samples. 
Rotifer abundance appeared to decline greatly in August and remain low through 
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FIGURE 60. Seasonal distribution of Polypherms abundance in three depth zones. 
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the fall. Y.ellioottia long-tsipina was the only species found in every month; 
still another perennial species, Kevatetta aoohteavis, occurred in all months 
but April. Less common species noted in the sunmier and fall months were 
Pleosoma hudsoni^ Fitinia longiseta, Polyavthra spp., Triehoeevoa mutti-Gvinis , 
and, TT-tchooevoa longiseta. A species of Nothotaa was present in the spring. 

Asplanchna priodonta (Fig, 61). Asplanahna is a predator in whose gut 
one can often see other rotifer species or at times a Bosmina. It also engulfs 
larger algal and detrital particles, and these may be an equally important food 
source. In the Cook area, Asplanchna is most abundant in samples that contain 
abundant Bosmina., indicating that it, too, responds rapidly to conditions of 
plentiful food. Largest numbers (3-5,000/m2) are found inshore in July, August 
and September. 

DIVERSITY 

Seasonal patterns of zooplankton diversity in the Cook area are presented 
in Figures 62 and 63. Values plotted in Figure 62 were obtained using the in- 
formation theory index d = -Ep, log2 (p.), where p. is the proportion of the 
samples made up by the ith species. This index quantifies the amount of un- 
certainty about the Identity of an Individual chosen randomly from the sample. 
Figure 63 is a plot of the number of species which make up 0.5% or more of the 
sample. In both cases the community was defined as all post-embryonic or post- 
naupllar crustaceans. Unidentified immature copepods were apportioned accord- 
ing to the relative abundance of adults in the sample. 

Offshore, diversities were consistenly higher, probably because a longer 
water column provides a greater range of habitat. Measured by either index, 
diversity is lowest in June and July when Bosmina longirostvis may make up 50% 
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of the fauna, highest in the fall when species richness is greatest. Differences 
between the two indices are most evident inshore where the information theory 
index, more sensitive to species evenness, drops sharply on dates when Bosmina 
is abundant. 

SUMMARY 

When results of this and past years of biological sampling in the area of 
the Cook nuclear facility are compared, one can see enough recurring features 
to construct a predictive description of the yearly zooplankton cycle. The 
cycle is subject to the vagaries of weather, upwelling, fish grazing, and phyto- 
plankton succession as well as to less obvious long-term changes which may be 
occurring. Calculation of the magnitude of year-to-year variation will await 
completion of our preoperational studies. 

In the winter six copepods are present, all of them in the inshore area 
where they are subject to entrainment. Two, Limnooalanus maavnrus and Diaptomus 
sio-ilis are actively breeding, while the other four, Cyclops hiauspidatus 
thomasi, Diaptomus ashlandi-^ D. minutus, and D. ovegonensis await spring phyto- 
plankton blooms before beginning intensive egg production. 

Beginning in mid-April, nearshore water temperatures exceed 4°C, and the 
warming is accompanied by increases in diatom densities, the appearance of 
larger numbers of copepod nauplii, and the arrival of spawning planktivorous 
fish. At this time, adults and larger immatures of the six copepod species 
become scarce inshore compared to their offshore abundance — a condition which 
persists through the summer and fall. Both zooplankton biomass (about 30 mg/m^) 
and total abundance (about SOOO/m^) are at a yearly low at this time. In May, 
nauplii continue to increase and they begin to mature to copepodlds. The 



appearance and gradual Increase in numbers of Bosmina longirostvis and of 
several rotifer species is evident. 

The lake becomes thermally stratified in June, and thereafter the surface 
layers warm rapidly. Zooplankton numbers increase sharply, with most of the 
increase being in immature copepods, in rotifers, and in the small cladoceran, 
Bosmirtc longirostris. Bosmina dominates June samples and reaches still more 
prodigious numbers in July and August. With thermal stratification and the 
calmer summer weather comes stratification of most zooplankton species within 
the water column. With some exceptions, the smaller species occupy the warmer 
upper layers. In July the predaceous cladoceran Polyphemus pediaulus becomes 
abundant, as does the only calanoid showing a preference for the inshore region, 
EiWLjtemora af finis. In the summer months, a benthic cladoceran, Euryoevous 
icanellatus, becomes an important member of the shallow water plankton at night. 

The effects of upwelling are most conspicuous in July and August. This, 
together with periodic storm- induced resuspenslon of sedimented material, 
probably accounts for the greater instability of the inshore plankton popula- 
tions during these months. While sound evidence is not yet available, we 
hypothesize that the most immediate effect of upwelling on the zooplankton is 
a displacement of the warm-water species Bosmina, Euvytemova, Polyphemus, and 
Asplanohna and their replacement by such middle-depth organisms as Cyclops 
hiauspidatus , Diaptomus ashlandi, and Daphnia vetvoeurva. 

Daphnia have appeared in moderate numbers by July, and in August and Sep- 
tember they become the dominant cladocerans. In August there occurs what is 
probably a nutrient-related change in phytoplankton composition. Green and 
blue-green species form as much as 50% of what was in prior months an all- 
diatom flora. These changes may be responsible for at least some of the 
changes in zooplankton composition which occur between August and September. 
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Small or ganlsms -Bosmina, rotifers, copepod nauplii — decline in number, and 
larger cladocerans — Daphnia retroaurva, Daphnia galeata mendotae, Eolopediim 
gibbervan, Diaphanosoma teuohtenhei'g'ianicm, Eubosmina ooregoni — reach their yearly 
maximum,. The large predator Leptodora k-tndti't is most abundant in September, 
Zooplankton biomasses (about 200 mg/m^) and total abundances (about 100,000/m2) 
are greatest in late summer, remain high until September and then decrease. 

As the water cools in the fall, cladoceran populations decrease. In 
October and November, males and ephippial eggs are produced. This is likely 
to be the principal means of winter survival, for by late January all cladoceran 
species are rare or absent. Copepod numbers decline more slowly, so that by 
November the zooplankton is again dominated by Cyclops and the species of 
Diaptomus. In addition, the fall fauna contains the small cyclopoid TvopooyoZops 
prasinus and the calanoid Episohura laaustris. 

A large percentage of the fall copepods are immature, but as the winter 
progresses these gradually mature until by late winter the community consists 
mostly of adults. The effect of a winter with extensive nearshore ice cover 
is not known. 



329 



REFERENCES 

Ayers, J. C. and E. Kopczynska. 1974. The phytoplankton of 1973. In: Erwin 
Seibel and J. C. Ayers, (Eds.), The biological, chemical and physical 
character of Lake Michigan in the vicinity of the Donald C. Cook Nuclear 
Plant. Univ. Michigan, Great Lakes Res. Div., Spec. Rep. 51. 

Brooks, J. L. 1957. The systematics of North American Daphnia. Mem. Connect- 
icut Acad. Arts and Sci. 13, 180 p. 

1959. Cladocera. In: Edmondson, W. T. (Ed.), Fresh-water biology. 



2nd ed., Wiley, New York, p. 587-656. 

Carter, J. C. H. 1969. Life cycles of Limnooatanus maorurus and Seneaella 

aalano'ldes^ and seasonal abundance and vertical distributions of various 
planktonic copepods in Parry Sound, Georgian Bay. J. Fish. Res. Bd. 
Canada, 26:2543-2560. 

1972. Distribution and abundance of planktonic Crustacea in Sturgeon 



Bay and Shawanaga Inlet, Georgian Bay, Ontario. J. Fish. Res. Bd . 
Canada, 29:79-83. 

Coker, R. E. 1934. Reaction of some freshwater copepods to high temperatures 
with a note concerning the rate of development in relation to temperature. 
J. Elisha Mitchell Sci. Soc, 50:143-159. 

Cooley, J. M. 1971. The effect of temperature on the development of resting 
eggs of Diaptomus oregonensis , Lillj (Copepoda: Calanoida) . Limnol. 
Oceanog., 16:921-926. 

Czaika, S. C. and A. Robertson. 1968. Identification of the copepodids of 
the Great Lakes species of Diaptomus (Calanoida, Copepoda). Proc. 11th 
Conf. Great Lakes Res., p. 39-60. 

Davis, C. C. 1943. Larval stages of the calanoid copepod Eurytemova 

hivud-inoides (Nordquist). Chesapeake Biological Laboratory, Publ. No. 
58, Solomons Island, Md. 

______ 1954. A prelimianry study of the plankton of the Cleveland harbor 

area, Ohio, III. The zooplankton and general ecological considerations of 
phytoplankton and zooplankton production. Ohio J. Sci., 54:388-408. 

1961. Breeding of Calanoid copepods in Lake Erie. Verb. Internat. Ver. 



Limnol., 14:933-942. 

1969. Seasonal distribution, constitution and abundance of zooplank- 



ton in Lake Erie. J. Fish. Res. Bd. Canada, 26:2459-2476. 

Deevey, E. S. and G. B. Deevey. 1971. The American species of Eubosmina 
Seligo (Crusteacea, Cladocera). Limnol. Oceanog., 16:201-218. 



330 



Eddy, S. 1927. The plankton of Lake Michigan. Bull. Illinois State Div. 
Nat. Hist. Surv., 17(4) :203- 232. 

Frey, D. ('>. 1971. Worldwide distribution and ecology of Eurycerous and 
"ayaia (Cladocera). Limnol. Oceanog., 16:254-308. 

Gannon, J. E. 1972, A contribution to the ecology of zooplankton crustacea of 
Lake Michigan and Green Bay. Ph.D. Thesis, Univ. Wisconsin, 257 p. 

Great Lakes Fishery Laboratory, Ann Arbor, Michigan. 1970. Physical and 

ecological effects of waste heat on Lake Michigan. U. S. Dept. Interior, 
Fish and Wildlife Serv. 

Greig-Smith, P. 1964. Quantitative plant ecology. Butterworth Inc., 
Washington, D. C. 256 p. 

Gurney, R. 1933. British freshwater copepoda. Vol. III. Roy. Soc, 
London. 

Heberger, R. F. 1973. Seasonal abundance of macrozooplankton in west-central 
Lake Erie, with emphasis on Cyclops biouspidatus . M. S. Thesis, Univ. 
Michigan. 

Industrial Blotest Laboratories. 1973. E'/aluation of thermaleffects in 
southwestern Lake Michigan, 1971-1972. Waukegan and Zion Generating 
Stations, Report to Commonwealth Edison Co., Chicago, Illinois. 

Johnson, D. L. 1972. Zooplankton dynamics in Indiana waters of Lake 

Michigan in 1970. M. S. Thesis. Ball State Univ., Muncie, Indiana., 
129 p. 

Jude, I). J. and J. C. Ayers. (Eds.) The inshore Lake Michigan fish popula- 
tions near the Donald C. Cook Nuclear Plant, 1973. Univ. Michigan, 
Great Lakes Res. Div., Spec. Rep. 52. 

Langford, R. R. 1938. Diurnal and seasonal changes in the distribution of 
the limnetic Crustacea of Lake Nipissing, Ontario. Univ. Toronto Stud. 
Biol. No. 45, Publ. Ontario. Fish. Res. Lab., 56:1-142. 

Lindquist, A. 1959. Studlen uber das Zooplankton der Bottensee I. Nauplien 
und Copepodlten von Limnooatanus gvimaldii. Inst. Marine Res. Lusekil, 
Ser. Biol., Rep. 13:1-124. 

McQueen, D. J. 1969. Reduction of zooplankton standing stocks by predaceous 
Cyclops biouspidatus thomasi in Marion Lake, British Columbia, J. Fish. 
Res. Bd. Canada, 26:1605-1618. 

Main, R A. 1961. The life history and food relations of Episohuva laoustvi-s 
Forbes (Copepoda: Calanoida) . Ph.D. Thesis, Univ. Michigan, 135 p. 

Patalas, K. 1969. Composition and horizontal distribution of crustacean 
plankton in Lake Ontario. J. Fish. Res. Bd. Canada, 26:2135-2164. 



331 



Patalas, K. 1971a. The comparison of crustacean plankton communities of 
seven North American Great Lakes. Abstracts, 14th Conf . Great Lakes 
Res., p. 109-110. 

1971b. Crustacean plankton communities in forty-five lakes in the 



Experimental Lakes Area, northwestern Ontario. J. Fish. Res. Bd. Canada, 
28:231-244. 

1972. Crustacean plankton and the eutrophication of the St. Lawrence 



Great Lakes. J. Fish. Res. Bd. Canada, 29:1451-1462. 

Pejler, B. 1965. Regional-ecological studies of Swedish freshwater zooplank- 
ton. Zool. Bidrag Uppsala, 36:407-515. 

Pennak, R. W. 1963. Species identification of the freshwater cyclopoid 

Copepoda of the United States. Trans. Amer. Micros. Soc, 82(4): 353-359, 

Rammer, W. 1926. Formanalyische Untersuchungen an Bosminen. Int. Revue ges 
Hydrobiol. Hydrogr., 15:89-136, 145-203. 

Rhodes, R. J. 1971. The food habits of the alewife in Indiana waters of 

Lake Michigan in 1970. M. S. Thesis, Ball State Univ., Muncie, Indiana., 

82 p. 

Rigler, F. H. and R. R. Langford. 1967. Congeneric occurrences of species 
of Diaptomus in southern Ontario lakes. Can. J. Zool., 45:81-90. 

Robertson, A. 1966. The distribution of calanoid copepods in the Great 

Lakes. Proc. 9th Conf. Great Lakes Res., Univ. Michigan, Great Lakes 
Res. Div. Publ. No. 15:129-139. 

Roth, J. C. 1973. Study of zooplankton. In: J. C. Ayers and E. Seibel. 

Benton Harbor power plant limnological studies. Part XIII. Cook Plant 
preoperational studies 1972. Univ. Michigan, Great Lakes Res. Div., 
Spec. Rep. No. 44. 

and J. A. Stewart. 1973. Nearshore zooplankton of southeastern 



Lake Michigan, 1972. Proc. 16th Conf. Great Lakes Res., p. 132-142. 

Rylov, V. M. 1963. Freshwater cyclopoida. Israel program for scientific 
translations. Available from Office of Technical Services, U. S. 
Dept. of Commerce, Washington. 

Swain, W. R., T. A. Olson and T. 0. Odlaug. 1970. The ecology of the second 
trophic level in Lakes Superior, Michigan, and Huron. Univ. Minnesota, 
Water Resources Res. Center, Bull. No. 26, 151 p. 

Wells, L. 1960. Seasonal abundance and vertical movements of planktonic 

Crustacea in Lake Michigan. U. S. Fish. Wildl . Serv., Fish. Bull. 60: 
343-369. 



332 



NATURAL LAKE WATER TEMPERATURES IN THE NEARSHORE 
WATERS OF SOUTHEASTERN LAKE MICHIGAN 

Erwin Seibel and John C. Ayers 



Abstraat. Three and one-half years of study of the lake water temperatures of 
southeastern Lake Michigan at four locations ranging from 2 feet to 40 feet of 
depth and at from 300 to 3375 feet from shore have produced the conclusion that 
the occurrence of natural lake water fluctuations of more than 3°F are a common 
event V7ith the exception of the month of January. The greatest and most frequent 
daily temperature fluctuations occur during the months of June through September, 
with the observed maximum daily range of 27°F having occurred on 20 July 1970. 
Varying amounts of upwelling of colder deeper offshore waters can best explain 
these temperature fluctuations. Direct wind induced upwelling is thought re- 
sponsible for the natural daily fluctuations in excess of 12 °F while a combi- 
nation of factors seems a plausible explanation for the smaller ranges. The 
range of the maximum and minimum recorded monthly temperatures was substantial, 
however, the average maximum and average minimum monthly temperatures at dif- 
ferent depths did not fluctuate greatly from year to year. The deeper stations 
consistently showed higher maximum and minimum average temperatures for the 
months of January through March, while the shallower stations showed consis- 
tently higher maximum and minimum monthly averages during the months of June 
through September. The small difference between the monthly average maximum 
and minimum lake water temperatures at stations of different depths is inter- 
preted as the result of frequent mixing of the waters in this portion of south- 
eastern Lake Michigan. Considering the large range of natural lake water tem- 
peratures for both daily and monthly observations, the conclusion has been 
drawn that the impact of the natural lake water temperature fluctuations can 
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be related to the biota in this section of the lake and then use can be made of 
this base to interpret the influence of the man-made effluents and its resultant 
temperature changes on the aquatic community in southeastern Lake Michigan. 



INTRODUCTION 

With the advent of nuclear power plant construction, concern has been ex- 
pressed as to what effect waste heat input from the generating stations will 
have on the lake as an aquatic environment. Temperature studies of the Lake 
Michigan drainage basin have been carried out by Church (1942, 1945), Ayers 
(1965) , Noble (1967) , Noble and Ewing (1967) , Noble and Michaelis (1968) , 
Mortimer (1971) and Hughes (1971a, 1971b). Dealing principally with the lake 
as a whole, these studies, all of which present both data and interpretations 
of their data, fail in the one aspect that we need detailed and extensive 
knowledge of what happens in the nearshore area. Beer (1971) deals with the 
nearshore area in the vicinity of Zion - Waukegan on southwestern Lake Michigan, 
with emphasis on mapping the thermal plume of the nuclear facility. 

In determining the effect of a future heated effluent on a portion of the 
lake, it is meaningful to concentrate on the area where this effluent will exist 
and to understand the natural temperature variations that exist before the 
heated effluent is present. 

With this in mind, a thermistor equipped submarine cable capable of re- 
cording lake water temperatures has been in use at the study location at the 
D. C. Cook Nuclear Plant on southeastern Lake Michigan south of Benton Harbor 
since May 1970 (Ayers et al. 1970). Local lake water temperatures are needed 
to determine if relationships can be found between the aquatic environment and 
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its natural temperature regime. According to the U. S. Fish and Wildlife 
Service (1970) , "All available information indicates that each organism has 
specific thermal tolerances of limits that reflect the thermal requirements 
for each of the important functions in the individuals." If this is the case, 
it is important that we know the natural temperature fluctuations to which the 
organisms present in a particular area of the lake are normally subjected. 
This study investigated temperatures recorded at the Benton Harbor and St. 
Joseph water intakes in addition to the Cook Plant site with specifically that 
eventual goal in mind. Although it is difficult to establish and maintain a 
recording system from which the intensity of measurements is sufficient to make 
unequivocable statements about lake temperature, the knowledge of lake water 
temperatures over time will certainly contribute to more valid statements about 
natural relationships and later about the influence of the heated effluents of 
a generating facility on the lake biota. 

DISCUSSION AND RESULTS 

The lake water temperature recording system at the Cook Plant site has 
five thermistors attached. Two of the five thermistors are located 300 feet 
from shore in water depths of 2 and 4 feet; the remaining three thermistors 
are 2500 feet from shore in water depths of 2, 12, and 17 feet. The thermistors 
are held at their respective water depths by subsurface floats. Being located 
in the nearshore zone, these thermistors are subject to the forces that influ- 
ence the nearshore zone, particularly wave and current action; this has re- 
sulted in periods when the system was not operational. To overcome this diffi- 
culty, for completeness, and for purposes of comparison, lake water temperatures 
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recorded at two nearby municipal water intakes have also been reported con- 
sistently (Ayers et al. 1970, 1972; Ayers and Seibel 1973). The water tempera- 
tures recorded at the Benton Harbor and St. Joseph water treatment plants are 
for raw water from intakes recorded 3375 feet from shore in 40 feet of depth 
and 1480 feet from shore in 19 feet of depth, respectively. 

The daily minimum and maximum lake water temperatures recorded at the Cook 
Plant site and at the Benton Harbor and St. Joseph water plant intakes for the 
calendar year 1973, presented in Table 1, were examined to determine just how 
much natural lake water temperatures varied over time. The frequencies and 
magnitudes of the natural daily variations shown in Tables 2 and 3 for daily 
changes at the combined Benton Harbor-St. Joseph and the 2-foot and 12-foot 
thermistors at the 2500 feet from shore location off Cook Plant reveal sub- 
stantial daily variations in the natural lake water temperatures. Using Tables 
2 and 3, the percent of days that natural variations of 3°F or more occurred 
was calculated for the respective combined sites for the three 1.2-year periods 
of observations (Table 4) . 

The natural daily temperature fluctuations were divided into 3°7 ranges, 
with the greatest range observed to date falling in the 27 to 29°F increment. 
Looking only at the percent of days that any month experienced a 3°F or more 
daily change (Table 4 and Fig. 1), we find that the two combined locations 
have similar patterns from month to month and that the daily fluctuations are 
most common in the months of May, June, July, August, and September, where the 
natural lake water temperature variation in excess of 3°F averages 20 percent 
of the days. During the months of June, July, August and September this natural 
variation occurs on an average of 50 percent of the days. 

More meaningful than the total percent of days is the examination of the 
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FIGURE 1. Percentage of days by month that the natural mean temperature 
range was 3°F or greater. Period of data 1970-1973. (*St. Joseph-Benton 
Harbor data for 1971-1973. "'"Cook data for 1970, 1973. ®Cook data for 1971.) 



337 



TABLE 1. Daily minimum and maximum Lake Michigan water temperatures at the Cook 
Plant site and at the Benton Harbor (BH) and St. Joseph (SJ) water plant intakes 
in degrees Fahrenheit. Note: Blank spaces indicate that no data were obtained. 



Offshore 
Depth 



COOK PLANT 



300 Ft. 



2500 Ft. 



2 Ft. 



4 Ft, 



2 Ft. 



12 Ft. 



17 Ft. 



BH 



3375 Ft. 
40 Ft. 



SJ 



1490 Ft. 
19 Ft. 



DATE 

1 
2 
3 

4 
5 
6 

/ 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 



MIN 
MAX 
AVE* 



JANUARY 1973 
MIN MAX MIN MAX MIN MAX MIN MAX 



MIN MAX 



MIN MAX 



MIN MAX 



NOT IN OPERATION 



36 


37 


33 


34.5 


35 


36 


32.5 


33.5 


35 


35 


32.5 


33 


34 


35 


33 


33.5 


34 


34 


32 


32.5 


34 


34 


32 


32.5 


34 


34 


32 


32.5 


34 


34 


32 


32.5 


34 


34 


32 


32.5 


34 


34 


32 


32 


34 


34 


32 


32.5 


34 


34 


32 


32.5 


34 


34 


32 


32.5 


34 


34 


32 


32.5 


34 


34 


32 


32.5 


34 


34 


32 


32 


34 


34 


32 


32 


34 


35 


32 


33 


35 


36 


32.5 


33.5 


35 


35 


32.5 


34 


35 


35 


33 


35.5 


35 


35 


33.5 


34 


35 


36 


33 


34 


35 


36 


33 


33.5 


36 


36 


33 


33.5 


36 


36 


33 


34 


36 


37 


33.5 


34.5 


36 


37 


33.5 


35 


35 


36 


32.5 


33.5 


35 


36 


32 


32.5 


35 


35 


32 


34 


34 


34 


32 


32 


36 


37 


33.5 


35.5 


35 


35 


33 


33 
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TABLE 1 continued. 



COOK PLANT 



Offshore 
Depth 



300 Ft. 



2500 Ft. 



2 Ft, 



4 Ft. 



2 Ft. 



12 Ft. 



17 Ft. 



BH 



3375 Ft. 
40 Ft. 



SJ 



1490 Ft. 
19 Ft. 



DATE 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 



MIN MAX MIN MAX 



FEBRUARY 1973 
MIN MAX MIN MAX MIN MAX 



NOT IN OPERATION 



MIN 

35 
36 
36 
36 
36 
36 
36 
35 
35 
35 
35 
35 
35 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 
34 



MAX 

36 

37 

36 

37 

37 

37 

37 

37 

36 

35 

35 

35 

35 

35 

35 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 

34 



MIN MAX 



33 
34 
34 
34 
34 
35 
34 
33 
33 
33 
33 
33 
33 
33 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
32 
33 
33 



34 
34 
34 
34 
36 
36 
36 
36 
33 
33 
34 
33 
33 
33 
34 
32 
32 
32 
32 
32 
32 
32 
33 
33 
33 
33 
33 
33 



MIN 
MAX 
AVE* 



34 


34 


32 


32 


36 


37 


35 


36 


35 


35 


33 


33 
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TABLE 1 continued. 



COOK PLANT 



Offshore 
Depth 



300 Ft. 



2500 Ft. 



DATE 

1 

2 

3 

4 

5' 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 



MIN 

MAX 
AVE* 



2 Ft. 



Ft. 



2 Ft. 



12 Ft. 



17 Ft. 



_ BIl 

337 5 Ft, 
40 Ft. 



MIN MAX MIN MAX 



NOT IN OPERATION 



SJ 
1490 Ft 
19 Ft. 



MARCH 1973 

MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 













34 


36 


33 


34 


35 


36 


34 


34.5 


36 


36 


34.5 


35 


35 


36 


34.5 


35 


36 


36 


36.5 


38 


36 


37 


36 


38 


37 


42 


36 


38 


41 


44 


37.5 


39 


40 


42 


36 


41 


38 


39 


40.5 


41.5 


39 


44 


40 


41 


41 


44 


38.5 


40 


42 


43 


40 


41 


42 


44 


40.5 


42 


43 


46 


41.5 


43 


41 


44 


41 


46 


41 


42 


41 


45 


40 


40 


38 


39.5 


39 


40 


38.5 


40.5 


39 


40 


39 


40.5 


39 


40 


38.5 


41.5 


39 


40 


38 


40.5 


40 


43 


39 


39.5 


41 


42 


39 


41 


40 


41 


40.5 


41 


40 


41 


40.5 


44.5 


40 


42 


41 


43.5 


42 


45 


40.5 


41.5 


43 


45 


39.5 


43 


42 


43 


42.5 


44 


42 


44 


41 


43 


34 


36 


33 


34 


44 


45 


42.5 


46 


39 


41 


39 


41 
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TABLE 1 continued. 

















COOK PLANT 


BH 

3375 

40 ] 


_Ft. 

Ft. 


_ 1490^ 
19 ] 




Offshore 


300 Ft. 2500 Ft. 


Ft.,. 


Depth 


2 Ft. 4 Ft. 2 Ft. 12 Ft. 17 Ft. 


^t . 




APRIL 1973 










DATE 


MIN MAX MIN MAX MIN MAX MIN lyiAX MIN MAX 


MIN 


MAX 


MIN 


MAX 


1 




42 


43 


40.5 


42.5 


2 




42 


46 


42 


42.5 


3 


1 


44 


45 


42 


44 


4 




43 


44 


42 


44 


5 




42 


46 


41 


44 


6 




45 


46 


42 


44 


7 




44 


45 


43.5 


44 


8 




44 


45 


43 


45 


9 




44 


45 


42 


43.5 


10 




45 


46 


42 


43 


11 




43 


45 


41.5 


42 


12 




45 


45 


42 


46 


13 




44 


45 


42 


44.5 


14 




44 


46 


42 


43.5 


15 




46 


49 


43 


44 


16 
17 




48 


49 


44 


45 


NOT IN OPERATION 


48 


49 


45 


45.5 


18 




48 


50 


45 


45.5 


19 




48 


48 


45 


45.5 


20 




49 


50 


46 


48 


21 




50 


50 


48 


48.5 


22 




50 


51 


48.5 


49 


23 




49 


51 


46 


49 


24 




48 


49 


45 


47.5 


25 




48 


48 


47 


49 


26 




48 


48 


45 


49 


27 




48 


48 


46 


51 


28 




48 


48 


45 


50 


29 




48 


49 


45 


46 


30 




48 


48 


46 


46 


31 












MIN 




42 


43 


40.5 


42.5 


MAX 




50 


51 


48.5 


51 


AVE* 




46 


47 


44 


46 



341 



TABLE 1 continued. 

















COOK PLANT 


BH 




SJ 

1490 

19 : 




Offshore 


300 Ft. 2500 Ft. 


3375 
40 ] 


Ft. 

Ft. 


Jt._ 


Depth 


2 Ft. 4 Ft. 2 Ft. 12 Ft. 17 Ft . 


Ft. 




MAY 1973 






DATE 


MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 


MIN 


MAX 


MIN 


MAX 


1 




48 


50 


45 


48 


2 




50 


51 


48 


50 


3 




50 


52 


47 


50 


4 




50 


51 


47 


48 


5 




50 


50 


47 


48 


6 




50 


50 


48 


49 


7 




51 


51 


48 


50 


8 




51 


53 


50 


51 


9 




52 


52 


50 


51 


10 




53 


53 


51 


52 


11 




54 


55 


52 


53 


12 




54 


55 


52 


54 


13 




53 


54 


52 


53 


14 




53 


53 


51 


53 


15 




52 


53 


52 


53 


16 




53 


54 


52 


53 


17 


NOT IN OPERATION 


53 


54 


53 


54 


18 




53 


54 


52 


53 


19 




53 


54 


52 


53 


20 




52 


53 


51 


53 


21 




52 


52 


51 


55 


27 




52 


54 


52 


53 


23 




52 


53 


51 


53 


24 




51 
52 


52 
55 


50 
52 


53 
54 


26 
27 
28 
29 
30 
31 




55 

52 


56 
55 


54 
51 


55 

54 




51 


52 


50 


52 




49 


50 


50 


51 




49 


50 


49 


51 




50 


53 


49 


53 


MIN 
MAX 
AVE* 




48 
55 

52 


50 
56 
53 


45 
54 
50 


48 
55 
52 
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TABLE 1 continued. 















COOK PLANT 


BH 




SJ 


Offshore 


300 Ft. 2500 Ft. 


3375 
40 ] 


Ft. 

Ft. 


1490 Ft. 


Depth 


2 Ft. 4 Ft. 2 Ft. 12 Ft. 17 Ft. 


19 Ft. 




JUNE 1973 








DATE 


MIN MAX MIN MAX MIN MAX MIN I'lAX MIN MAX 


MIN 


MAX 


MIN MAX 


1 




53 


54 


52 55 


2 




54 


56 


54 57 


3 




55 


57 


57 58 


4 




57 


58 


58 59 


5 




58 


59 


59 61 


6 




58 


59 


60 62 


7 




58 


61 


62 63 


8 




61 


62 


62 64 


9 




62 


62 


63 64 


10 




62 


63 


62 64 


11 




62 


64 


64 66 


12 




63 


65 


64 67 


13 




55 


64 


56 66 


14 




52 


56 


52 60 


15 




51 


55 


52 62 


16 


NOT IN OPERATION 


54 


66 


62 66 


17 




57 


66 


65 66 


18 




56 


64 


66 67 


19 




62 


68 


66 69 


20 




59 


69 


68 71 


21 




68 


70 


70 72 


22 




68 


70 


70 71 


23 




68 


70 


69 70 


24 




67 


69 


66 69 


25 




54 


68 


60 68 


26 




54 


69 


66 70 


27 




69 


70 


70 70 


28 




69 


71 


70 71 


29 




69 


70 


70 71 


30 




69 


70 


70 71 


31 










MIN 




51 


54 


52 55 


MAX 




69 


71 


70 72 


AVE* 




60 


64 


63 66 



343 



TABLE 1 continued. 

















COOK PLANT 


BH 




SJ 




Offshore 


300 Ft. 2500 Ft. 


3375 
40 ] 


Ft. 

Ft. 


14JI0 
19 1 


Ft._ 


Depth 


2 Ft. 4 Ft. 2 Ft. 12 Ft, 17 Ft. 


Ft. 




JULY 1973 










DATE 


MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 


MIN 


MAX 


MIN 


MAX 


1 




69 


70 


69.5 


71 


2 




65 


61 


69.5 


71 


3 




65 


71 


71 


71.5 


4 




62 


72 


71 


72 


5 




67 


70 


71 


72 


6 




58 


70 


70 


71.5 


"7 




56 


74 


71.5 


74.5 


S 




57 


75 


74.5 


76 


q 




70 


75 


76 


77 


10 




57 


73 


50 


76 


11 




62 


71 


47.5 


52 


12 




49 


56 


47.5 


54 


13 




57 


66 


54 


68 


14 




64 


69 


67 


68 


15 




65 


69 


68 


70 


16 
17 


NOT IN OPERATION 


64 
62 


67 
66 


67 
66 


68 
67 


18 




58 


68 


63 


66.5 


19 




56 


69 


54.5 


68.5 


20 




55 


68 


64 


73 


21 




52 


56 


57 


68.5 


22 




51 


52 


49 


59 


23 




50 


53 


49 


52 


24 




51 


57 


49.5 


56 


25 




51 


59 


51 


60 


26 




51 


62 


53 


70 


27 




60 


74 


70 


72 


28 




73 


73 


72 


72.5 


29 




72 


73 


72 


74 


30 




73 


74 


73.5 


74.5 


31 




74 


75 


74 


75 


MIN 




49 


52 


47.5 


52 


MAX 




74 


75 


76 


77 


AVE* 




61 


68 


63 


68 



344 



TABLE 1 continued. 









" 






























COOK PLANT 








BH 




SJ 




Offshore 


2 


300 

Ft. 


Ft. 
4 


Ft. 






2500 Ft. 






3375 
40 : 


Ft. 
Ft. 


1490 
19 ; 


Ft. 


Depth 


2 Ft. 


12 Ft. 


17 


Ft. 


Ft. 














AUGUST 1973 














DATE 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


MIN l-IAX 


MIN 


MAX 


MIN 


MAX 


MIN 


MAX 


1 


65 


66 


65 


67 


62 


66 




64 


66 


64 


74 


72 


74 


2 


63 


65 


64 


66 


62 


65 




64 


66 


63 


73 


59 


67 


3 


63 


66 


64 


68 


62 


64 




63 


66 


55 


69 


65 


70 


4 


62 


66 


64 


68 


63 


64 




64 


66 


68 


70 


69 


71 


5 


64 


67 


65 


69 


63 


66 




65 


67 


70 


73 


71 . 


73 


6 


66 


68 


67 


69 


65 


67 




66 


67 


72 


75 


73 


76 


7 


65 


68 


67 


69 


66 


67 




66 


67 


75 


76 


75 


76 


8 


66 


69 


68 


70 


66 


67 




66 


68 


76 


77 


76 


77 


9 


67 


69 


69 


71 


67 


67 


o 
a 


67 


68 


76 


77 


76 


77 


10 


68 


72 


69 


72 


66 


67 


H 


68 


69 


76 


77 


76 


78 


11 


68 


70 


69 


71 


67 


68 


o 


68 


69 


76 


77 


77 


78 


12 


68 


70 


68 


71 


64 


67 


^ 


68 


69 


75 


77 


74 


76 


13 


66 


70 


67 


71 


55 


66 


to 


68 


69 


64 


72 


69 


76 


14 


64 


68 


66 


69 


44 


58 


^ 


56 


69 


55 


68 


52 


69 


15 


45 


65 


46 


66 


43 


51 


H 


44 


62 


51 


54 


50 


53 


16 


51 


63 


58 


65 


51 


61 


n 


55 


63 


51 


62 


52 


69 


17 


61 


66 


63 


68 


60 


63 




62 


66 


59 


68 


67 


71 


18 


63 


68 


64 


69 


61 


65 




63 


67 


61 


70 


69 


73 


19 


64 


66 


65 


67 


63 


66 




65 


66 


66 


70 


71 


74 


20 


64 


66 


65 


66 


59 


67 




65 


66 


70 


74 


62 


74 


21 


47 


64 


47 


66 


44 


59 




44 


65 


52 


70 


50 


66 


22 


45 


50 


46 


53 


44 


49 




45 


52 


51 


53 


49 


50 


23 


47 


54 


50 


56 


49 


55 




50 


57 


51 


53 


49 


57 


24 


49 


54 


51 


56 


46 


52 




51 


55 


51 


53 


53 


57 


25 


45 


50 


47 


52 


45 


48 




47 


54 


50 


52 


52 


57 


26 


47 


49 


50 


53 


45 


49 




48 


53 


49 


50 


50 


67 


27 


49 


57 


52 


60 


44 


56 




49 


61 


50 


56 


63 


69 


28 


54 


60 


56 


63 


52 


59 




55 


60 


58 


65 


68 


72 


29 


60 


62 


63 


65 


50 


60 




59 


64 


57 


69 


69 


74 


30 


63 


66 


65 


70 


53 


62 




62 


66 


55 


71 


73 


76 


31 


64 


66 


66 


69 


50 


65 




65 


66 


62 


73 


74 


75 


MIN 


45 


50 


56 


52 


43 


48 




44 


52 


49 


50 


49 


50 


MAX 


68 


72 


69 


72 


67 


68 




68 


69 


76 


77 


77 


78 


AVE* 


59 


64 


61 


65 


56 


61 




59 


64 


62 


68 


65 


70 



345 



TABLE 1 continued. 



COOK PLANT 



BH 



Offshore 

Depth 



300 Ft. 



2500 Ft. 



2 Ft, 



4 Ft. 



2 Ft, 



12 Ft. 



17 Ft. 



3375 Ft. 
40 Ft. 



DATE 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 



MIN MAX MIN MAX 



66 68 

66 68 
68 70 
68 70 
68 71 

67 70 
66 68 
65 68 
47 66 
46 63 

51 63 

46 62 
45 60 

45 48 
44 49 

47 50 
47 50 

46 51 
50 54 
53 55 

52 54 



66 69 

67 70 
69 71 
69 70 

68 71 
67 70 
66 68 
65 68 
48 66 
46 64 

51 64 
46 62 
46 60 

46 50 
45 50 

48 51 

49 51 

47 52 

50 55 
53 55 

52 54 

53 56 
55 56 

54 55 

55 56 

55 58 

56 59 



57 
57 



58 
58 



SEPTEMBER 1973 



MIN MAX MIN MAX MIN MAX MIN MAX 



54 57 



65 67 

66 67 

66 68 
68 69 
68 69 
68 69 

67 68 
44 68 
43 45 
43 45 
43 63 

43 52 

44 51 

42 45 

43 44 

44 51 
46 51 
44 54 
54 55 
54 55 

51 54 

52 54 

53 55 
53 54 

53 54 

54 56 

55 57 
55 56 
53 57 
50 53 



46 55 

43 51 

44 48 

45 52 
49 53 
45 55 
55 56 
54 55 

52 54 

53 55 

54 55 
54 55 

54 55 

55 57 

56 57 
56 58 
54 58 
52 55 



65 67 
67 67 

67 69 

68 69 
68 69 
67 69 
67 68 

66 68 

46 66 
45 65 

47 64 
45 61 

45 59 
43 55 
43 48 

46 52 
50 52 

48 54 
54 55 
54 55 

52 54 

53 55 

54 55 

54 55 
53 55 

55 56 

55 57 

56 57 
55 58 
52 55 



62 
68 
59 
60 
77 
58 
55 
54 
51 
50 
51 
49 
49 
48 
48 
48 
50 
50 
53 
58 
54 
55 
59 
59 
58 
60 
61 
62 
61 
57 



75 
76 
75 
77 
78 
77 
75 
68 
53 
63 
69 
51 
52 
49 
49 
50 
51 
52 
58 
60 
59 
59 
60 
60 
60 
61 
63 
63 
63 
60 



SJ_ 

1490 Ft. 



19 Ft, 



MIN MAX 



74 

76 

75 

77 

77 

75.5 

75 

53 

50 

50 

48 

48 

49 

48 

48 

47 

52 

49 

54.5 

56.5 

56 

56 

59 

58.5 

58.5 

59 

61 

61.5 

59 

58 



76 

77 

78 

77.5 

77.5 

78 

76 

75 

64 

69.5 

70 

62 

60 

49 

50 

52 

53.5 

54.5 

58.5 

59.5 

56.5 

59 

59.5 

59.5 

59 

61 

62 

62 

63 

59.5 



MIN 44 49 45 50 
MAX 68 71 69 71 
AVE* 55 61 55 60 



42 


44 


43 


48 


43 


48 


48 


49 


47 


49 


68 


69 


56 


58 


68 


69 


77 


78 


77 


78 


53 


57 


51 


54 


54 


59 


56 


62 


59 


64 



346 



TABLE 1 continued. 













COOK PLANT 










BH 

3375 

40 ] 


Ft. 

Ft. 


SJ 




Offshore 


300 
2 Ft. 


Ft. 
4 


Ft. 






2500 Ft 


. • 






1490 

19 : 


J_t._ 


Depth 


2 Ft. 


12 Ft. 


17 ] 


Ft. 


Ft. 














OCTOBER 1973 












DATE 


MIN MAX 


MIN 


MAX 


MIN 


MAX 


MIN MAX 


MIN MAX 


MIN 


MAX 


MIN 


MAX 


1 




51 




54 


48 


52 


48 


54 


49 


55 


53 


59 


54 


59 


2 




52 




56 


48 


54 


53 


56 


53 


55 


52 


56 


55 


59 


3 




55 




57 


53 


55 


54 


56 


54 


55 


54 


60 


58 


61 


4 




55 




56 


54 


56 


55 


56 


55 


55 


60 


62 


61 


63 


5 










56 


60 


56 


61 


55 


61 


.59 


62 


61 


62 


6 










59 


61 


60 


62 


60 


63 


60 


62 


61 


61 


7 










60 


61 


60 


62 


60 


62 


61 


62 


61 


61 


8 










59 


61 


61 


63 


60 


62 


60 


62 


61 


62 


9 










60 


63 


62 


64 


61 


63 


61 


63 


61 


63 


10 










62 


63 


63 


64 


62 


64 


63 


64 


63 


64 


11 










62 


63 


63 


64 


63 


64 


63 


64 


64 


64 


12 










62 


63 


63 


64 


63 


64 


64 


64 


64 


65 


13 










62 


63 


63 


64 


62 


63 


64 


64 


64 


65 


14 


s 




o 




62 


63 


62 


63 


62 


63 


64 


65 


63 


64 


15 


H 




H 




61 


62 


62 


63 


61 


62 


64 


65 


63 


64 


16 


O 




O 




59 


61 


60 


62 


59 


61 


63 


64 


61 


63 


17 


iTi 




►^ 




57 


59 


58 


60 


58 


59 


60 


61 


59 


61 


18 


w 




w 




56 


58 


57 


60 


57 


59 


61 


61 


59 


60 


19 






P3 




55 


57 


57 


58 


55 


58 


60 


61 


59 


60 


20 






< 




56 


58 


57 


59 


56 


59 


60 


61 


59 


60 


21 


O 




O 




56 


57 


58 


59 


57 


59 


60 


60 


59 


60 


22 










56 


57 


57 


59 


57 


58 


60 


60 


59 


59 


23 










56 


58 


57 


59 


57 


58 


60 


60 


59 


59 


24 










57 


58 


58 


59 


57 


58 


60 


60 


59 


59 


25 










57 


58 


58 


59 


57 


58 


60 


60 


59 


59 


26 










57 


58 


58 


59 


57 


58 


60 


60 


59 


59 


27 










56 


58 


57 


59 


57 


58 


60 


60 


58 


59 


28 










55 


57 


56 


58 


56 


57 


59 


60 


57 


58 


29 










54 


56 


55 


57 


54 


56 


59 


59 


56 


58 


30 










54 


55 


55 


56 


54 


55 


58 


59 


56 


57 


31 










54 


55 


55 


56 


54 


55 


57 


58 


55 


57 


MIN 




51 




54 


48 


52 


48 


54 


49 


55 


52 


56 


54 


57 


Mi\X 




55 




57 


62 


63 


63 


64 


63 


64 


64 


65 


64 


65 


AVE* 




53 




55 


57 


59 


58 


60 


58 


59 


60 


61 


60 


61 
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TABLE 1 continued. 



COOK PLANT BH SJ 



Offshore 300 Ft. 2500 Ft. 3375 Ft . 1 490 Ft, 

Depth 2 Ft. 4 Ft. 2 Ft . 12 Ft. 17 Ft . 40 Ft . 19 Ft. 



NOVEMBER 1973 

DATE MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX MIN MAX 

1 52 54 53 55 52 54 57 57 54 57 

2 51 52 53 53 52 53 56 56 54 55 

3 51 52 52 53 51 52 56 56 54 55 

4 50 52 52 53 51 52 55 56 54 55 

5 49 51 50 52 49 51 55 55 51 54 

6 48 49 49 51 48 50 53 55 50 53 

7 47 48 48 50 47 49 52 53 50 51 

8 47 49 48 50 47 49 52 52 49 51 

9 45 47 46 48 45 48 51 51 46 50 

10 45 46 46 47 48 49 51 46 49 

11 44 46 46 48 48 50 50 47 49 

12 45 47 46 48 46 49 50 47 49 

13 46 47 47 48 46 47 49 49 47 49 

46 49 47 50 47 50 49 50 48 50 

47 49 49 50 46 51 50 51 49 50 
45 47 47 49 46 49 50 51 48 50 

44 46 46 48 47 49 50 48 49 

45 46 47 48 45 48 49 50 48 48 
45 46 47 48 46 47 50 50 48 49 
45 46 47 48 46 48 50 50 48 49 
45 47 47 49 46 49 50 50 48 49 
45 46 47 48 46 48 50 50 48 49 
45 46 48 48 47 48 50 50 48 49. 
45 47 47 48 46 49 50 50 49 49 
45 47 45 48 45 48 50 50 49 49 

45 47 45 48 50 50 48 49 

46 47 46 50 50 50 49 49 
45 46 46 48 49 50 47 49 

48 49 47 48 

48 49 46 47 



14 

15 

16 

17 

18 

19 . 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

MIN 
NL-\X 
AVE* 



44 


46 


45 


47 


45 


46 


48 


49 


46 


47 


52 


54 


53 


55 


52 


54 


57 


57 


54 


57 


46 


48 


48 


50 


47 


49 


51 


51 


49 


50 
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TABLE 1 continued. 









COOK PLANT 


BH 




SJ 




Offshore 


300 

2 Ft. 


Ft. 2500 Ft. 


3375 
40 ] 


Ft. 

Ft. 


1490 
19 : 


Ft. 


Depth 


4 Ft. 2 Ft. 12 Ft. 17 Ft. 


Ft. 






DECEMBER 1973 










DATE 


MIN MAX 


MIN MAX MIN MAX MIN KiAX MIN MAX 


MIN 


MAX 


MIN 


MAX 


1 






48 


48 


46 


46 


2 






47 


48 


46 


4o 


3 






48 


48 


45 


4b 


4 






47 


48 


46 


-4 / 


5 






48 


48 


43 


46 . 


6 






46 


48 


44 


46 


7 






46 


47 


44 


45 


8 






46 


47 


43 


45 


9 






46 


47 


43 


44 


10 






46 


46 


40 


43 


11 






41 


46 


40 


42 


12 






41 


42 


39 


41 


13 






41 


42 


38 


40 


14 






40 


42 


40 


41 


15 






39 


40 


38 


40 


16 






40 


41 


40 


41 


J- VJ 

17 




NOT IN OPERATION 


40 


40 


35 


36 


18 






37 


39 


37 


38 


19 






37 


39 


35 


38 


20 






38 


38 


35 


36 


21 






37 


38 


35 


36 


22 






35 


36 


34 


35 


23 






36 


37 


34 


36 


24 
25 
26 






37 
37 
37 


37 
37 
37 


35 
33 
36 


35 
36 
36 


27 
28 






37 
37 


37 
37 


36 
36 


37 
36 


29 






37 


38 


35 


36 


30 






35 


38 


34 


35 


31 






35 


35 


35 


35 


MIN 






35 


35 


34 


35 


MrVX 






48 


48 


46 


47 


AVE* 






41 


42 


39 


40 



Average temperatures rounded to the nearest whole degree Fahrenheit . 
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TABLE 2. Frequences and magnitudes of natural dally temperature changes at 
Benton Harbor and St. Joseph water filtration plants in 1970 through 1973. 






















































Daily 


















































change 


















































°F . 




January 


February 




March 




April 






May 




70 


June 
71 72 






70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


71 


3-5 


ND 


- 


- 


- 


ND 


1 


- 


- 


ND 


2 


5 


14 


ND 


11 


15 


8 


13 


10 


16 


8 


19 


26 


30 


11 


6-8 


ND 


- 


- 


- 


ND 


1 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


1 


2 


2 


- 


6 


9 


5 


4 


9-11 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


- 


- 


- 


- 


6 


2 


4 


5 


12 - 14 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


- 


- 


- 


- 


3 


1 


2 


2 


15-17 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


- 


- 


- 


- 


2 


- 


- 


1 


18 - 20 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


- 


- 


- 


- 


2 


1 


- 


- 


21 - 23 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


24 - 26 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


27 - 29 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


2-Plant 


















































monthly 















2 










2 


5 


14 




11 


15 


8 


14 


12 


18 


8 


38 


39 


41 


23 


Fraction 


ND 


62 


62 


62 


ND 


56 


58 


56 


ND 


62 


62 


62 


ND 


60 


60 


60 


42 


58 


62 


62 


60 


60 


59 


60 



Daily 
change 

°Y July August September October November December 





70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


3-5 


17 


17 


26 


12 


16 


17 


21 


16 


ND 


5 


17 


11 


3 


5 


- 


4 


2 


2 


1 


5 


- 


- 


2 


3 


6-8 


2 


11 


2 


8 


16 


7 


2 


7 


ND 


7 


10 


2 


1 


2 


- 


2 


- 


- 


- 


- 


- 


- 


- 


- 


9-11 


1 


6 


- 


7 


11 


9 


3 


6 


ND 


4 


10 


1 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


- 


— 


12 - 14 


- 


1 


3 


7 


1 


4 


1 


4 


ND 


4 


1 


6 


- 


- 


- 


- 


- 


- 


- 


- 


— 


— 


— 


— 


15 - 17 


1 


5 


1 


2 


2 


1 


1 


5 


ND 


- 


1 


1 


— 


- 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


18 - 20 


2 


1 


- 


2 


2 


2 


- 


1 


ND 


— 


1 


4 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


21 - 23 


- 


- 


- 


- 


- 


1 


- 


- 


ND 


— 


— 


2 


— 


- 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


24 - 26 


1 


- 


- 


1 


- 


- 


- 


- 


ND 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 






— 


27 - 29 


- 


— 


- 


- 


— 


— 


— 


— 


ND 


— 


~~ 


— 


~* 


— 




~~ 


^ 


— 


"" 


" 


" 


" 


" 




2-Plant 


















































monthly 


24 


41 


32 


39 


48 


41 


27 


39 




20 


40 


27 


4 


7 





6 


2 


2 


1 


5 








2 


3 


Fraction 


62 


61 


62 


62 


62 


62 


62 


62 


ND 


60 


60 


60 


62 


62 


62 


62 


60 


60 


60 


60 


62 


62 


62 


62 



ND = No data. 

- = This magnitude of temperature variation was not reached. 
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TABLE 3. Frequencies and magnitudes of natural daily temperature changes at the 
2 foot and 12 foot thermistors at the 2,500 foot position off the Cook Plant in 
1970 through 1973. 





Daily 
















































change 
















































°F 




January 


Feb 


ruary 




March 




Api 


ril 






May 






June 




70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


11 


70 


71 


72 73 


3-5 


ND 


- 


ND 


ND 


ND 


2 


ND 


ND 


ND 


2 


ND 


ND 


ND 


- 


ND 


ND 


16 


4 


20 


ND 


18 


9 


19 ND 


6-8 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


2 


3 


2 


ND 


10 


- 


16 ND 


9-11 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


- 


- 


- 


ND 


4 


1 


8 ND 


12 - 14 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


- 


- 


1 


ND 


3 


2 


7 ND 


15 - 17 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


- 


- 


1 


ND 


1 


- 


- ND 


18 - 20 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


- 


- 


- 


ND 


2 


- 


- ND 


21 - 23 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


- 


- 


- 


ND 


- 


- 


- ND 


24 - 26 


l^ID 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


- 


- 


- 


ND 


- 


- 


- ND 


27 - 29 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


ND 


- 


ND 


ND 


- 


- 


- 


ND 


- 


- 


- ND 


2-Depth 
















































monthly 
Fraction 


ND 



62 


ND 


ND 


ND 


2 
56 


ND 


ND 


ND 


2 
62 


ND 


ND 


ND 



62 


ND 


ND 


18 
42 


7 
58 


24 
32 


ND 


38 
60 


12 
60 


50 
59 ND 





Daily 
















































change 
















































°F 




July 






Aug 


;ust 






Septeml 


)er 




October 


November 


December 




70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 


73 


70 


71 


72 73 


3-5 


17 


4 


25 


ND 


11 


ND 


18 


8 


9 


ND 


32 


8 


14 


ND 


ND 


6 


3 


ND 


ND 


3 


3 


ND 


ND ND 


6-8 


2 


6 


8 


ND 


8 


ND 


8 


4 


5 


ND 


5 


4 


1 


ND 


ND 


2 


- 


ND 


ND 


- 


- 


ND 


ND ND 


9-11 


- 


3 


2 


ND 


8 


ND 


3 


4 


- 


ND 


4 


4 


2 


ND 


ND 


- 


- 


ND 


ND 


- 


- 


ND 


ND ND 


12 - 14 


- 


1 


1 


ND 


4 


ND 


- 


3 


1 


ND 


2 


- 


- 


ND 


ND 


- 


- 


ND 


ND 


- 


- 


ND 


ND ND 


15 - 17 


- 


1 


- 


ND 


- 


ND 


2 


2 


7 


ND 


- 


- 


- 


ND 


ND 


- 


- 


ND 


ND 


- 


1 


ND 


ND ND 


18 - 20 


1 


- 


- 


ND 


- 


ND 


- 


- 


2 


ND 


- 


1 


- 


ND 


ND 


- 


- 


ND 


ND 


- 


- 


ND 


ND ND 


21 - 23 


- 


- 


- 


ND 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


ND 


- 


- 


ND 


ND 


- 


- 


ND 


NT) ND 


24 - 26 


2 


- 


- 


ND 


- 


ND 


- 


- 


- 


ND 


- 


1 


- 


ND 


ND 


- 


- 


ND 


ND 


- 


- 


ND 


ND ND 


27 - 29 


] 


- 


- 


ND 


- 


ND 


- 


- 


- 


ND 


- 


- 


- 


ND 


ND 


- 


- 


ND 


ND 


- 


- 


ND 


ND ND 


2-Depth 
















































monthly 


23 


15 


36 




31 




31 


21 


24 




43 


18 


17 






8 


3 






3 


4 






Fraction 


62 


54 


54 


ND 


46 


ND 


62 


31 


50 


ND 


58 


48 


64 "ND 


ND 


62 


50 


ND 


ND 


53 


52 


ND 


ND ND 



ND = No data. 

- = This magnitude of temperature variation was not reached, 

* =2 sets of data on one day. 
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TABLE 4. Percent of days that natural variations of 3°F or more occurred. 
(From the monthly fractions of Tables 2 and 3.) 













* 


Month & Y( 


2ar 


BH - SJ 


4-year 
average % 


Cook Plant 


4-year 
average % 


January 


1970 


no data 




no data 






1971 


0.0 




0.0 






1972 


0.0 




no data 






1973 


0.0 


0.0 


no data 


0.0 


February 


1970 


no data 




no data 






1971 


3.6 




3.6 






1972 


0.0 




no data 






1973 


0.0 


1.2 


no data 


3.6 


March 


1970 


no data 




no data 






1971 


3.2 




3.2 






1972 


8.1 




no data 






1973 


22.6 


11.3 


no data 


3.2 


April 


1970 


no data 




no data 






1971 


18.3 




0.0 






1972 


25.0 




no data 






1973 


13.3 


18.9 


no data 


0.0 


May 


1970 


33.3 




42.8 






1971 


20.7 




12.1 






1972 


29.0 




75.0 






1973 


12.9 


24.0 


no data 


43.3 


June 


1970 


63.3 




63.3 






1971 


65.0 




20.0 






1972 ■ 


69.5 




84.7 






1973 


38.3 


59.0 


no data 


56.0 


July 


1970 


38.7 




37.1 






1971 


67.2 




27.8 






1972 


51.6 




66.7 






1973 


62.9 


55.1 


no data 


43.9 


August 


1970 


77.4 




67.4 






1971 


66.1 




no data 






1972 


43.5 




50.0 






1973 


62.9 


62.5 


67.7 


61.7 


September 


1970 


no data 




48.0 






1971 


33.3 




no data 






1972 


66.6 




74.1 






1973 


45.0 


48.3 


37.5 


53.2 


October 


1970 


6.4 




26.6 






1971 


11.3 




no data 






1972 


0.0 




no data 






1973 


9.7 


9.1 


12.9 


19.8 
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TABLE 4 continued. 



Month & Y. 


ear 


BH - SJ 


4- 


-year 


Cook Plant 


4- 


-year 








average % 




average % 


November 


1970 
1971 
1972 


3.3 
3.3 
1.7 






6.0 
no data 
no data 








1973 


8.3 




4.2 


5.7 




5.9 


December 


1970 
1971 
1972 


0.0 
0.0 
3.2 






7.7 
no data 
no data 








1973 


4.8 




2.0 


no data 




7.7 



breakdown of the natural lake water temperature variation into its respective 
3°F increments for the period May 1970 through December 1973. This breakdown 
for the combined Benton Harbor-St. Joseph and for the 2-foot and 12-foot 
thermistors of the 2500 feet from shore location at Cook tabulated in Tables 
5 and 6 and shown graphically in Figure 2 reveals that of the total 2866 
sampling days for Benton Harbor-St. Joseph a natural lake water temperature 
variation of 3°^ or more occurred 660 days or 25.6 percent of the sample. 
Of the Cook site's total 1299 sampling days the variation of 3''F or more 
occurred on 430 days or 33-1 percent of the sample. These data further reveal 
that a daily variation in the natural lake water temperatures of up to 11°F 
was recorded for 380 of 1299 days or 29 percent at Cook and for 575 of 2586 
days or 22 percent at the Benton Harbor-St. Joseph locations respectively. 

The triaxial distribution of the natural lake water temperatures 
(Fig. 3) indicates that natural variations for the period of record are most 
frequent in the 3-5°F range. As the range increases, the months in which the 
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FIGURE 2. Natural Lake Michigan temperature variations in 3°F increments for 
the period 1970-1973 at the combined 2-ft and 12-ft thermistors of the 2500 ft 
from shore location at Cook and the combined St. Joseph-Benton Harbor data. 
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TABLE 5. Total number of days per month for the period 1970 through 1973 in which 
daily change of indicated "F occurred at the Benton Harbor and St. Joseph water 
filtration plants. 





Daily 
change 

°F 


Jan 


Feb 


Mar 


Apr 


May 


Jun 


Jul 


Aug 


Sep 


Oct 


Nov 


Dec 


Total 


% 


3 - 


5 





1 


21 


34 


47 


86 


72 


70 


33 


12 


10 


5 


391 


15.1 


6 - 


8 





1 








5 


24 


23 


32 


19 


5 








109 


4.2 


9 - 


11 

















17 


14 


29 


15 











75 


2.9 


12 - 


14 

















7 


11 


10 


11 











39 


1.5 


15 - 


17 

















3 


9 


9 


2 











23 


0.9 


18 - 


20 

















3 


5 


5 


5 











18 


0.7 


21 - 


23 























1 


2 











3 


0.12 


24 - 


26 




















2 

















2 


0.08 


27 - 


29 









































0.0 



TOTAL 



186 170 186 180 224 239 237 248 180 248 240 248 




25.5 



variations occur narrow so that when one finds variations of as much as 20°F they 
are concentrated in the months of June, July, August and September. The maximum 
daily variation recorded in this period was 27 °F and occurred at the 2-foot depth 
of the 2500 feet from shore location at the Cook Plant site on 20 July 1970. On 
that day the daily change at the 12-foot depth was 24''F and at the 17-foot depth 
at Cook it was also 27 "F. At the Benton Harbor intake at the depth of 40 feet 
the change was 18°F, and at the St. Joseph intake at a depth of 19 feet the lake 
water temperature change was 24'*F. The Benton Harbor intake, at twice the depth 
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TABLE 6. Total number of days per month for the period 1970 through 1973 in which 
daily change of indicated °F occurred at the Cook Plant 2 ft and 12 ft thermistors 
of the 2500 ft from shore position. 


































Daily 






























change 






























°F 


Jan 


Feb 


Mar 


Apr 


May 


Jun 


Jul 


Aug 


Sep 


Oct 


Nov 


Dec 


Total 


10 


3-5 





2 


2 





40 


46 


46 


37 


49 


20 


6 


3 


251 


19.3 


6-8 














7 


26 


16 


20 


14 


3 








86 


6.6 


9-11 

















13 


5 


15 


8 


2 








43 


3.3 


12 - 14 














1 


12 


2 


7 


3 











25 


1.9 


15 - 17 














1 


1 


1 


4 


7 








1 


15 


1.2 


18 - 20 

















2 


1 





3 











6 


0.5 


21 - 23 









































0.0 


24 - 26 




















2 





1 











3 


0.2 


27 - 29 




















1 

















1 


0.1 


TOTAL 


62 


56 


62 


62 


132 


179 


170 


139 


156 


126 


103 


52 


430/ 
^299 


33.1 



of any of the other stations, showed on that day a natural temperature change of 
18°F. 

This type of extreme daily temperature fluctuation is best explained by up- 
welling of cooler deeper water into the nearshore zone. When this occurs, the 
surface waters of the near shore are moved offshore by surface winds and replaced by 
the cooler deeper lake waters. Direct wind-induced upwelling is thought to account 
for the temperature variations in excess of 12°F. This magnitude of change is most 
frequent during the months of June, July, August, and September for both locations 
and occurred about 3.5 to 4 percent of the total sample days of record, but accounts 
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for between 8 and 9 percent of sample days during the months of June through 
September. Although the present study has made no comparisons of temperature 
variations on the western shore of Lake Michigan, Mortimer (1971) indicated 
that the temperature "rise and fall are highest on the eastern shore, where 
the highest maximum temperatures are attained (and maintained for longer 
periods)." In part, all the fluctuations in the natural lake water tempera- 
tures are thought to be produced by some form of upwelling, with the most 
extreme variations being primarily wind induced while the less extreme changes 
are produced by combinations of wind and internal wave phenomena. The frequency 
of the natural temperature fluctuations reported is such that if one can assume 
that the variation is at least partially produced by upwelling, then it is 
plausible to state that upwelling in this portion of Lake Michigan is a common 
event and not the exception. 

Until now the concentration has been on examining what type of fluctuations 
occur on the daily basis, but equally important in terms of the effect of tem- 
perature fluctuation on the lake environment are the long-term changes that 
occur within the month of the year. Looking at the natural temperature vari- 
ations over the months at the two water intake locations at Benton Harbor and 
St. Joseph stations, one observes some remarkable similarities. The most 
important single result is that the monthly temperature fluctuations at the 
two stations are similar in both their minimum and their maximum temperature 
ranges. Similar to the daily fluctuations, the greatest fluctuations of the 
minimum and maximum monthly temperatures occur in the months of June through 
September where the monthly fluctuations are near ZO^F. For the months of 
April through May the fluctuations are near 10°F, as they are for October and 
November, with a variable fluctuation in December depending on the year, and 
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the greatest fluctuation having occurred in December 1973. The months of 
January and February show the least of the maximum and minimum temperatures. 
A summary of this data is given in Tables 7 and 8 and shown graphically in 
Figures 4 and 5. Figure 4 indicates that the deeper water station at Benton 
Harbor has higher lake water temperature averages in the months of January, 
February and March for both the average maximum and minimum temperatures. 
While the deep-water station at Benton Harbor (depth 40 ft) shows a consistently 
lower lake water temperature during July, August and September for all three 
years, the close fit of the two curves in Figure 4 illustrates that the average 
minimum and average maximum monthly temperatures for the two stations differ 
little,, The difference between the average maximum and average minimum for each 
station differs only slightly from year to year. These two factors indicate 
that the average monthly conditions for the two stations are similar and indi- 
cate a greater amount of mixing in the nearshore waters of this southeastern 
portion of Lake Michigan than has been known before. The fact that this mixing 
of nearshore waters is indicated leads to interpolation that higher temperature 
waters than the receiving waters would be incorporated within the local waters 
quicklj^ and hence reduce the impact of high temperature waters introduced into 
the nearshore system on the nearshore lake environment. 

The data presented in Ayers et al. (1970, 1972) and Ayers and Seibel 
(1973) and that given in Table 1 here was examined to determine if the natural 
lake water temperatures at these recording stations fall within the guidelines 
that the "Great Lakes and connecting waterways shall not receive a heat load 
which would warm the receiving waters at the edge of the mixing zone to tem- 
peratures in degrees Fahrenheit higher than the following monthly temperatures : 
Jan. 45, Feb. 45, March 45, April 55, May 60, June 70, July 80, August 80, 
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FIGURE 4. A comparison of the average minimum and average maximum 
lake temperatures at the St. Joseph and Benton Harbor water intakes. 
The Benton Harbor intake is at a depth of 40 ft and the St. Joseph 
intake at a depth of 19 ft. 
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FIGURE 5. Range in temperature by month for the period 1971-1973 at the St. Joseph 
and Benton Harbor water intakes. 
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September 80, October 65, November 60, and December 50 for Lake Michigan south 
of a line due west from the city of Pentwater." (Michigan Water Resources 
Commission 1973). The data reveal that these maximum temperatures were exceeded 
(Table 9) at the Benton Harbor-St. Joseph water intakes by 10% in June 1971, 
26.7% in June 1973, 9.7% in October 1971, 8.1% in March 1973 and 6.5% of the 
days in October 1973. At the Cook site the maximum recommended temperature 
was exceeded by 6.7% and 30% of the days in June 1970 and 1971 respectively. 
It is valid to point out that even carefully selected maximum lake water tem- 
perature standards can be exceeded naturally, and in fact are exceeded naturally. 

CONCLUSIONS 

This study points out pertinent facts in regard to the natural temperature 
fluctuations that occur in the near shore water of southeastern Lake Michigan: 

1) Natural lake water fluctuations in excess of 3°F are a common occur- 
rence in most months with the singular exception of January. 

2) The greatest temperature fluctuations occur during the summer months 
of June, July, August and September where natural variations of up to 27°F 
were recorded during the three 1.2 years of the study. 

3) Varying amounts of upwelling of colder deeper offshore waters can best 
explain the natural temperature variations that occur on a daily basis. Wind 
induced upwelling is thought responsible for the natural daily fluctuations in 
excess of 12°F, while a combination of wind and internal wave movement seems a 
plausible explanation for the smaller variations. 

4) In the same region on the same side of the lake, water temperatures 
from different depth show the percent of occurrence of the natural lake water 
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TABLE 9. Numbers of days the natural lake temperature exceeded the recommended 
monthly maximum temperatures* of Lake Michigan south of a line due west from the 
city of Pentwater. 





Month 


Comparison 
Site 


* 


1970 
Days % 


1971 
Days % 


1972 
Days % 


1973 
Days % 



Jan Benton Harbor- 

St. Joseph 45 
Cook Plant 

Feb Benton Harbor- 

St. Joseph 45 
Cook Plant 

Mar Benton Harbor- 

St. Joseph 45 
Cook Plant 

Apr Benton Harbor- 

St. Joseph 55 
Cook Plant 

May Benton Harbor- 

St. Joseph 60 
Cook Plant 

Jun Benton Harbor- 

St. Joseph 70 
Cook Plant 

Jul Benton Harbor- 

St. Joseph 80 
Cook Plant 

Aug Benton Harbor- 

St. Joseph 80 
Cook Plant 

Sep Benton Harbor- 

St. Joseph 80 
Cook Plant 

Oct Benton Harbor- 

St. Joseph 65 
Cook Plant 

Nov Benton Harbor- 

St. Joseph 60 
Cook Plant 

Dec Benton Harbor- 

St. Joseph 50 
Cook Plant 
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-/60 
4/60 



ND 



ND 



ND 



ND 



ND 



ND 



ND 



3/42 7.1 
14/42 33.3 



0.0 
6.7 



6/60 10.0 
18/60 30.0 



5/62 8.1 
ND 



ND 



ND 

16/60 26.7 
ND 



ND 



ND 



ND 



6/62 9.7 

ND 



ND 



4/62 6.5 



ND 



ND 



ND = no data 
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temperature variations, demonstrated by the close similarity between the 
Benton Harbor-St. Joseph and Cook station analysis- 

5) The small difference of the average minimum and average maximum 
monthly lake water temperatures at stations of different depths indicates 
frequent mixing of the nearshore waters. 

6) Recommended maximum lake water temperatures in effluents into the 
lake have on many occasions been exceeded. 

Natural water temperature variations in the nearshore area are substantial 
and can happen within a day. It is important that aquatic biologists note that 
they and their rapidity exist, and also that there exist natural biological 
populations which are there because they can withstand these natural variations. 

The addition of waste heat produced by a nuclear power plant is expected 
to be incorporated into the natural shore mixing process and this waste heat 
will most probably be reflected in a more frequent occurrence of temperature 
variation in the higher ranges of these variations. 
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SURFICIAL SEDIMENT DISTRIBUTION OF THE NEARSHORE WATERS IN 
SOUTHEASTERN LAKE MICHIGAN 

Erwin Seibel, Robert E. Jensen and Christopher T. Carlson 



Abstract. The sediment distribution in southeastern Lake Michigan showed the 
general trend from shore to be an increase in the standard deviation of the mean 
and a decrease in the mean particle size. However, this decrease in particle 
size is not uniform but rather spotty, indicating the presence of anomalies of 
finer within generally coarser areas and coarser materials within generally 
finer materials. There are present two zones of sedimentation distinguishable 
by the different means and standard deviations between the samples collected in 
water depth of 24 m or less or 24 m and deeper. This delineation of the sedi- 
mentation is thought to show tvro distinct sedimentary environments most probably 
associated with the region under the influence of the nearshore physical processes 

and those under the influence of these processes only during severe conditions. 
The sediment anomalies that are observed on the surficial sediment plots for the 
area and also on the profiles of the means and depth and standard deviation and 
depth are considered real and reflect the close spacing of the sampling grid. 
The need for closely spaced sampling grids is indicated by these anomalies if a 
true representation of the nearshore sediments is to be expected. 



INTRODUCTION 

A 175 square mile portion of southeastern Lake Michigan in the vicinity of 
the Donald C. Cook Nuclear Plant has been studied as part of the environmental 
monitoring program. The surficial sediment distribution was studied for an area 
(Fig. 1) extending from approximately 7 miles north of St. Joseph southward to 
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FIGURE 1. Location of study area in the vicinity of 
the Cook Plant. 
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about 1 mile south of the Warren Dunes State Park and extending to about 7 miles 
from shore. 

The first comprehensive examination of the sediments of the Lake Michigan 
basin was that of Hough (1935). Subsequently Hulsey (1962), McGeary (1964), 
Davis and McGeary (1965) and Cote (1967) examined the sediments of southern Lake 
Michigan both on and off shore. Except for the work by Davis and McGeary (1965), 
the authors used widely spaced transects nearly perpendicular to shore in an 
effort to determine the characteristics of the surficial sediments. Davis and 
McGeary (1965) used more closely spaced transects close to shore to examine the 
sediments very close to shore and their relationship to the bar topography so 

pronounced and consistently present in this portion of Lake Michigan. 

Cote (1967) developed a surficial sediment distribution map for the southern 
portion of Lake Michigan which was basically a refinement of the surficial dis- 
tribution of Hough (1935). It was recognized in 1966, during the early years 
of the Cook study, that in order to determine the type of sediment present within 
the proximity of the plant a closely spaced grid was needed. Ayers and Huang 

(1967), working on a smaller portion of the present study area, determined sur- 
ficial sediment distributions by means of visual field observations using a grid 
spaced at half-mile intervals out to 3 miles from shore. This led to the sur- 
ficial sediment map shown in Figure 2. The works by Ayers and Hough (1964), 

Ayers (1967) Ayers and Huang (1967) and Cote (1967) have some basic shortcomings: 
they either used field identifications of sediment samples, or their grid was too 
widely spaced to distinguish the sediment distribution in small segments of the 
area being studied. While field identification of sediments may have the advan- 
tage of being immediately meaningful for comparison in the field, they are by 
nature subject to and depend on the expertise of the identifier. The widely 
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FIGURE 2. Surficial sediment map of portion of the study area done by Ayers and 
Huang in 1967 by field identification. 
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spaced sampling transect and grids used by Cote (1967), Ayers and Hough (1964) 
and Hough (1935) permit the compilation of sediment distribution maps, but 
because of the distances between transects local anomalies so critical in inter- 
preting local conditions are naturally normalized and therefore for the most 
part not discernible. Avoiding the aforementioned pitfalls, the local distri- 
bution of sediments within the proximity of the plant and within the outflow 
area of the St. Joseph River were determined. The mapping process employed a 

1 mile grid extending 7 miles from shore and an inner, closely spaced one-quarter 
mile grid in the proximity of the plant. The two transects in the vicinity of 
the St. Joseph River are more widely spaced. One transect goes directly westward 
from the channel and is 3 miles north of the transects that bound the 98 square 
mile area about the plant, and the northernmost transect is 7 miles north of the 
St. Joseph channel. 

METHODS 

Field samples were collected in September and October 1973 from the R/V 
MYSIS and the R/V MAPLE, using a ponar grab sampler which allows sampling of the 
upper 3 to 5 inches of the sediments. The samples were placed into plastic 
sealable bags capable of retaining the moisture of the sample. Duplicate 
samples were collected at each station, one for the grain size determination 
and the other for chemical analysis of the sediment. The sampling stations were 
spaced 1 mile apart with the distance between transects 1 mile. In a 2 mile by 

2 mile inner grid the sampling points and the transects were spaced one quarter 
mile apart., The three transects in the St. Joseph River area were more widely 
spaced, as noted above. The three transects in the proximity of the St. Joseph 
River mouth were done In conjunction with a project designed to establish 
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relationships, if any, between sediment grain size, biota, and chemical sediment 
constituents and the presence of Cs-'^^ nodes. Sample locations for portions of the 
area are shown in Figure 3 . 

Laboratory analysis of the samples was done by the standard sieve and 
pipette procedures with the preparation of the samples for sieving and pipetting 
performed as outlined by Royse (1970) . Extreme care was taken to avoid the 
common difficulties of improper disaggregation and dispersion of the sediments 
before analysis. No samples had to be discarded due to these difficulties. Of 
the 172 samples collected during this study, 150 have been analyzed and are 
reported here. 

The data are expressed in terms of the phi units as introduced by Krumbein 
(1938) . Table 1 provides conversion scales of the phi units to microns and 
millimeters as well as a verbal description of the sediment between any two 
given phi units. The standard statistics of Folk, Inman, and Moment Measure 
were calculated by computer for each sample. In addition to calculating the 
statistics of each sample, the computer provided cumulative and histogram plots 
for each sample. 

The interpretations and discussions on the data that follow are based on the 
moment measure statistics. Upchurch (1969) and Coakley and Beal (1972) point out 
that use of the moment measure statistics is the preferred method for deriving 
sediment textural parameters and is the most convenient method of routine sedi- 
ment analysis. The moment measure is also extremely sensitive to the tails of 
a distribution and, perhaps most important, it is not subject to operator bias. 
The important consideration when using the moment measure is that it requires 
care and precision in preparing samples for analysis. 

The computer was used extensively in reducing the volume of information 
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FIGURE 3. Sample stations in the study area to the transect 3 miles 
south of St. Joseph. 
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TABLE 1. Wentworth grade scale. 



Phi unit* 



Grade 



mm 



Microns 



_o 



-1 



10 



Fine gravel 
Very fine gravel 
Very coarse sand 
Coarse sand 
Medium sand 
Fine sand 
Very fine sand 
Coarse silt 
Medium silt 
Fine silt 
Very fine silt 
Coarse clay 
Medium clay 
Fine clay 



8.00 



4.00 



2.00 



1.00 



0.50 



0.25 



0.125 



0.0625 



0.0313 



0.0156 



0.0078 



0.00391 



0.00195 



0.00098 



8000 



4000 



2000 



1000 



500 



250 



125 



62.5 



31.3 



15.6 



3.91 



1.95 



0.98 



o 






H 

!/2 






*Phi unit = -log2 (diameter of particle in mm) 
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obtained from the sediment analysis. The plots of the percent distribution of 
a given size fraction were done by computer, using a plot routine which inter- 
prets between any given number of points. Four interpolation points were used 
in obtaining any one given data point on the percentage distribution plots. 
Scatter plots of the total data set were used in the analysis of the sediment 
samples with depth. 

DISCUSSION 

SEDIMENT DISTRIBUTION FOR THE LARGE SURVEY AREA 

The large survey area sediment distribution was investigated to establisVi 
the character of the sediment in this portion of Lake Michigan and to determine 
if spacing of transects influences the distribution patterns obtained. 

The large survey area is bounded by transects starting 2 miles south of 
Warren Dunes State Park and ending 7 miles north of the St. Joseph harbor. The 
transects from south to north are spaced at 1-mile intervals to 3 miles south 
of St. Joseph. After that there is a transect coming out from the St. Joseph 
River with the final one located 7 miles north. This transect spacing provides 
the transect density intended for making the comparison between sediment distri- 
bution in areas where the transects are more closely spaced with an area where 
the transect spacing is more widely spaced. The sampling stations on the 
transect for the large survey discussion are spaced at 1-mile intervals. 

Descriptions and characteristics of the sediment samples collected over 
the large survey area are given in Table 2. Using the information provided in 
this tabulation as a base, the surficlal sediment distributions maps presented 
in Figures 4, 5, 6, and 7 were constructed. 
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Vercentage of gravel in surfioial sediments 

Gravel is not found in large amounts in the survey area, and when found it 
is in isolated patches with the maximum amount In a pocket about 1 mile south of 
the Warren Dunes State Park and about 2 miles from shore (see Fig. 4). Gravel 
pockets are also present in the proximity of the plant where the 5% gravel con- 
tour extends southward for about 3 miles, generally less than 1 mile from shore. 
The 10% and 15% gravel contours are deflected southward from the transect eminat- 
ing from the plant area itself. Another patch of gravel is present between 5 
and 6 miles south of St. Joseph harbor and between 4 and 5 miles north of the 
plant, between 2 and 5 miles from shore. The last pocket of gravel is observed 
as a finger extending southward between 1 and 3 miles from shore north of the 
St. Joseph harbor. This last point must be viewed with some caution, as it is 
determined using a single data point. All the other gravel pockets are con- 
sidered real, while the northernmost fingerlike extension may actually be the 
result of one data point. 

Peraentage of sand in surfioial sediments 

The distribution of the sand (Fig. 5) in the large survey area is complex. 
The 95% contour for sand, which starts about 3 1/2 miles north of St. Joseph, 
extends southward for the entire length of the survey area. The fact that this 
contour line comes so close to shore reflects the possible influence of the long- 
shore currents on the sand distribution in the area bounded by the 95% sand con- 
tour. In the proximity of the Cook Plant a pocket exists 1 mile north of the 
plant, extending 3 miles from shore where the percentage of sand is reduced, A 
similar situation is present in the area south of Warren Dunes where the sand 
fraction is less. The pocket near Warren Dunes can be explained by the presence 
of the gravel patch in that location. The general trend for the percent sand 



385 









SAND 



SILT 



NUMBER OF SAMPLES 
FALLING AT THAT POINT 

♦ - ONE 

• - TWO 

■ - THREE 
A - FOUR 
#- FIVE 



SOILS 



m 









CLAY 

SILTY CLAY 
SANDY CLAY 
SAND 

SILTY SAND 
CLAYEY SAND 
SILT 

CLAYEY SILT 
SANDY SILT 

LOAM 



FIGURE 6. Triangular plot of percent sand-silt-clay. 
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contours is a decreasing percentage of sand in the offshore direction. In those 
locations where the percentage of sand is reduced, the gravel, silt or clay 
sized materials show a greater predominance. Most of the samples collected fall 
within a region dominated by the sand mean diameter. The triangular plot of the 
percent of sand-silt-clay (Fig. 6) shows that the majority of samples texturally 
are either sand or silty sand with only small fractions of the samples falling 
in other than those two textural categories. 

A contrast exists between the complexities of the contours south of St. 
Joseph and those about and north of St. Joseph. The detail of the distribution 
of the sand north and south of the plant and the lack of detail in the general 
vicinity of the St. Joseph River are considered the first indication that spacing 
of the sampling influences the determination of anomalies of the sediment dis- 
tribution in the nearshore. 

Pevoentage of silt in supfioial sediments 

Examination of the silt distribution contour map (Fig. 7) reveals a close 
relationship between the sand and silt distribution patterns. Silt-sized 
particles are most evident in the lakeward portion of the survey, with pockets 
of higher fractions of up to 50% silt in locations where the sand was shown to 
be least. Silt pockets with up to 15% silt are noted 1 mile north of the plant 
site and in water about 2 miles from shore. This location shows an unusual 
sediment pattern. In the same shoreward location of the silt pocket, gravel 
percentage was about 10%. Sand in this general location was about 75%. This 
kind of pattern is suggestive of the patchiness found in this nearshore zone, 
where by going only a short distance one experiences a quick shift from the 
coarser to the finer and then again to the coarser-sized materials. The ridge- 
like projections on the silt-sized distribution contours reflect the same ridge-like 



387 



SI 
O- 

<a 
m 
O 



o 

i_ 

0! 
X 

C 

o 

■+-> 
c 
(U 
CD 



r; 
u 



(/I 



o 
to 



o 



c 

m 
E 

T3 

t) 
CO 







n 
C 
o 

•rl 
4J 
CO 
4J 
CO 

60 

a 

ft 

CO 

0) 
4J 
Cfl 

o 

•H 

•H 

CO 
4J 
O 

P 



cd 
(U 

cs 

!>^ 
(U 
> 

CO 

<u 

to 



CO 

4-1 

c 

(U 



13 
CD 



Cfl 
•H 

O 
•H 
iw 

CO 

CI 

•H 



•H 
CO 

M-l 
O 

0) 
CO 

nJ 

4-> 

C 
aj 
o 

cu 

P4 






H 
P4 



projections found in the sand contour map. These ridge-like projections break up 
areas of sand and finer material concentrations. Why one finds the projections 
is not known. The silt distribution again shows the marked difference in detail 
between the area about the plant location and that about the St. Joseph River' 
area. This increased precision in the plant's proximity can be attributed again 
to the frequency of transects. 

Pevoentage of otay -in suvfi-oiat sediments 

Clay-sized particles are not extensively present for the large survey area. 
They are found almost entirely in the area 4 miles from shore and lakeward. The 
clay distribution (Fig. 8) reflects the general pattern already established by 
the contours of the sand and silt percentages. 

Mean gvai-n size diameter of the surfioial sediments 

The contour plot of the mean grain size pattern in phi units shown in 
Figure 9 reveals, as expected, the influence on the mean grain size of the per- 
centage of occurrence of a particular grain size fraction in a given sample. 
The mean grain size diameters range from -1.0 to 5.0 phi units. The silt-sized 
mean occurs most lakeward in two large areas. The first of these silt areas is 
south of the plant site and 5 miles from shore; the second is also located about 
5 miles from shore and extends from north of St. Joseph to about 5 miles south 
of the St. Joseph harbor. A medium sand mean grain size is located north of the 
St. Joseph harbor and may reflect the high percentage of gravel found in the 
same location. This particular patch is considered a possible rather than 
probable real point. The remaining area shows a very fine and fine sand pattern 
with lakeward projections of medium sand. These lakeward arms are extensive 
and in three locations: 1) The southernmost (near Warren Dunes) is in the area 
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already described as having a large concentration of gravel; it shows the 
coarsest mean phi unit (-1.0), 2) The second arm is located south of the Cook 
Plant and appears simply to be a continuation of 3) the arm located to the north 
of the plant. These lakeward arms (shown on Figure 8) extend as far as 4 miles 
offshore and are located principally in the area where the grid is detailed 
enough to permit distinguishing the patterns. These anomalies are again absent 
to the north near St. Joseph, and again are most probably the result of the 
spacing of the transects. 

It is difficult to explain these lakeward projections, but several mechan- 
isms for their formulation are possible. Davis and Fox (1972) have suggested 
that rip currents are present in the nearshore zone. These currents are capable 
of transporting material lakeward wherever channels are cut into the nearshore 
bar system. The bar systems for southeastern Lake Michigan are concentrated 
within a half mile or less from shore; these projections, however, extend much 
farther from shore than can be explained by rip current systems. However, if 
the longshore currents are deflected lakeward by these rip currents it is 
possible that the sand moving along the shore is deflected lakeward, and these 
projections then could reflect this lakeward motion of littoral material. Aerial 
photographs of the area often depict fingers of turbid water extending offshore. 
These turbid fingers are most likely sediment ladden waters. The eventual depo^ 
sition of the sediment from these turbid water regions could be what the sedi- 
ment distribution picture presented here reflects. Hands (1970) indicates that 
irregular fingers of turbid water extending to 1 km both from shore and along 
shore were frequent features of Lake Michigan's western shore. This finger- 
like turbid water is also noticeable on most sets of aerial photographs of the 
eastern shore of Lake Michigan investigated by the senior author. 
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Another possible explanation of these lakeward arms is the winnowing out 
of finer material and transporting of this material lakeward or north or south. 
There seems to be no evidence of that process, but this should not be ruled out. 
The third possibility is that the fine sand found elsewhere in the nearshore is 
not being deposited where these lakeward medium sand arms are present. For 
example, the area about the St. Joseph River mouth is depicted as being composed 
of fine sand, while both to the north and the south medium sand projections are 
observed. It is possible that the fine sands are being deposited where shown, 
and only in isolated instances reach over the general distribution of medium 
sand. No one speculation is considered adequate at this time to explain the 
mean size distribution patterns exhibited. 

A meaningful procedure in further examination of the mean grain size dis- 
tribution and the percentage of a given sediment size is to examine a north-south 
line a given distance from shore, and to follow this line northward. This re- 
veals a patchiness in the sediment distribution which is reflected in all of the 
data discussed thus far. The patchiness in the distribution of the sediments 
in the nearshore is reflected most accurately in the area where the transects 
are spaced at 1-mile intervals and the sampling grid is spaced at regular dis- 
tances from shore. The patchiness is least pronounced in the northernmost 
portion of the study area, where the transects are spaced more widely even 
though the grid points are again spaced 1 mile apart going lakeward. If the 
purpose of the survey is to detail the actual sediment distribution of the near- 
shore zone of sedimentation, this distribution pattern suggests to the authors 
the need to use a regular closely spaced sampling grid. 

Standard deviation of the mean grain size (diameters) 

The standard deviation as used here is a measure of sorting of the samples. 
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Sorting Is a means of establishing whether the sediment is made up of a narrow 
range of sediment grain sizes or a wide range. The poorer the sorting or the 
greater the standard deviation, the larger the range of grain size diameters 
found in a given sample. Table 3 provides the standard deviations and their 
relationship to sorting. A well-sorted sample would most probably have a large 

TABLE 3. Standard deviation of the mean as a measure of sorting. 



Standard deviation 
(phi units) 



Sorting 



0.0 - 


0.5 


0.5 - 


1.0 


1.0 - 


2.0 


2.0 - 


4.0 



Well sorted 
Moderately sorted 
Poorly sorted 
Very poorly sorted 



percentage of its sample in one given phi unit, while a poorly sorted sample 
would have many phi units represented in some fraction of 100 in its sample with 
no one fraction large. Although this hard and fast rule does not hold univer- 
sally, it can be used as a simple verbal explanation of the sorting criteria. 

Figure 10 represents the sorting for the large survey area whose contours 
are shown on Figure 11. Using a 0.5 phi unit interval for contouring the 
standard deviation of the mean of the sediments, it is observed that the sedi- 
ments found closest to shore have the best sorting with the lakeward sediments 
increasing in the standard deviation and hence having poorer sorting. The 
sorting contours provide no surprises, since they reflect the percentage occur- 
rence of the various grain size fractions. The sorting is poorest in those 
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FIGURE 11. Contour map of the Lake Michigan bottcai in the vicinity of the Cook Plant. 
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locations where the percent composition of the sediments was found to be more 
heterogeneous and is best where the sediments were found to be most homogeneous. 
The sorting of the sediment is best near shore except for three locations. In 
the proximity of the St. Joseph Harbor, the sorting of the sediment is poorer 
much closer to shore than elsewhere in the study area. In addition to this 
general area, locations showing poorer sorting close to shore are found 1 mile 
north of the plant site about 2 miles from shore where the mean grain size is 
about 3.0 phi units, and a location near Warren Dunes State Park. As in the 
previous discussions of the percent size fraction and the mean grain size 
distributions, the standard deviation contours are much more irregular in the 
southern more closely spaced transect pattern than they are to the north in 
the miore widely spaced transect area. This irregularity is influenced by the 
spacing of the grid points as much as by the physical processes. 

Several generalizations can be made about the standard deviation of the 
mean grain size distribution. It is accurate to state that in general the 
standard deviation increases lakeward showing the best sorting near the shore. 
It also reflects closely the distribution patterns of the individual sediment 
size distributions. The standard deviation, as the sediment percent maps and 
the mean grain size distribution map, shows the occurrence of pockets of 
materials more poorly sorted within areas of better sorting. The pocketing 
of sedimentation is least well discernible in the standard deviation patterns. 

SEDIMENT DISTRIBUTION FOR THE INNER SURVEY AREA 

The inner survey is defined as that closely spac£;d grid about the Cook 
Nuclear Plant. This portion of the study is intended to establish the sediment 
types in an area of approximately 7 square miles. The "horizontal" distance 
between stations in the inner survey varies. The outer transects and those 
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farthest north and south have their sampling points spaced at 1-mile intervals. 
The stations closer to the plant and closer to shore are spaced at quarter-mile 
or half-mile intervals. The sampling stations are shown in Figure 12. 

Percentage of gTax>e1 in the surfiaiat sediment 

As in the larger grid, gravel (Fig. 13) is not a significant fraction in 
the surficial sediments. Gravel is found in three localities close to shore in 
water 1/4 to 1/2 mile from shore at a distance of about 1 mile south of the 
plant and about 1/4 mile and 1 1/4 miles north of the centerline of the plant. 
The maximum percentage of gravel in the north is less than 20%, while to the 
south it is less than 50%. The gravel pocket to the south shows a southward 
orientation of the finest contour line. Figure 14, which presents the depth 
contours for the inner survey, suggests a possible reason for the southward 
tapering. The pockets of gravel are situated in locations where the energy in- 
put from waves could be substantial. The very northern pocket, 1 1/4 miles north 
of the plant, is located at the edge of a ridge-like topographic feature sug- 
gesting an area of convergence of refraction rays and hence increased wave 
energy there. The southernmost pocket also is situated at the northern rim of 
a ridge-like feature permitting energy concentration in these locations. The 
pocket about 1/4 mile north of the plant again falls on a less pronounced ridge 
feature. The southward tapering could also be explained by the influence of 
the littoral current on the motion of material. The littoral current in this 
portion of the lake is predominantly to the south. For these pockets to exist, 
it Is likely that the littoral transport of material coupled with the concen- 
tration of wave energy in these areas has resulted in motion of the finer sedi- 
ments southward and retention of the gravel in those localities. 
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FIGURE 12. Sampling stations for sediment analysis in the inner 
survey area. 
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FIGURE 13. Percentage of gravel in the surficial sediments. Inner 
survey area. Dots indicate sampling stations. 
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FIGURE 14. Depth contours for the inner survey area. 
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Fevcentage of sand in sijrfioial sediments 

The sand distribution shown in Figure 15 depicts the area as being pre- 
dominantly within the sand fraction of the sediment spectrum. The sand per- 
centile of 95 dominates the contour map. However, the sand fraction decreases 
percentage-wise in several locations. To the south of the Cook Plant site (in 
the same location that gravel was found to be present in up to 50%) , the sand 
fraction declines and then increases southward. About 1/4 mile north of the 
plant, the 95% contour is observed surrounding areas of lesser sand fractions. 
The pocket closest to shore is attributable to the larger percentage of gravel 
found there and noted above. As one goes lakeward on the 1/4-mile transect 
north of the plant, one observes that the lower percentage of sand shifts to 
the north and then returns south again to be in line with the original 1/4-mile 
spot from the plant. The decreased sand is a result of the increased silt and 
clay fractions. It is noteworthy that the location of the plant serves as a 
convenient demarcation between similar size distribution patterns. In the more 
lakeward sections of the inner survey, the sand fraction of 95% surrounds again 
a stretch of lake bottom with finer materials within its bounds. 

Two possible criteria contribute to the explanation of the distribution 
pattern of the inner survey. The sediment size distribution and the bottom 
topography show a similarity. The percentage of gravel increase in the south 
of the plant portion was attributed in part to the presence of a ridge-like 
topographic feature with a poorly developed gentle valley next to it. The 
increased amount of sand southward there suggests that the sand is in motion 
with the gravel retained and the sand deposited farther to the south. The most 
lakeward distribution of the sand mixed with the finer silt and clay appears 
again to be controlled by bottom topography. The sand contours in the lakeward 
portion approximate the depth contours. The plateau- like feature in the center 
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FIGURE 15. Percentage of sand in the surficial sediments. Inner survey 
area. Dots indicate sampling stations. 
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and northern segments of the depth contours finds smaller fraction of sand as 
does the valley-like feature in the southernmost corner of the inner survey. 
The deposition of finer materials incorporated into the sand in this gentler 
topographic regime is plausible because wave energy is less in this region. 

Explanation of the contours of the sand distribution to the north of the 
plant is again slanted toward the influence of the topography coupled with the 
wave action. A valley which extends from just north of the plant lakeward , 
becoming most pronounced in the 12- through 16-m depth contours, suggests an 
explanation of the finer material enclosed by the southward and lakeward trend- 
ing 95% contour interval. In the approximate location where the 16-m contour 
is most valley-like, the sediment becomes finest, showing sand to be about 75% 
of the total quantity. The southward trend of the 95% contour of sand is 
probably due to the influence of the predominant southward littoral drift In 
the lake at this portion of the shoreline. The finer sediments are then inter- 
preted as being a reflection of the valley with the greater percentages of sand 
on sides and crests of the valley sides and extending southward, due to the 
current regime. 

Percentage of silt in suvficidl sediments 

Silt is a minor constituent in the inner survey, showing itself In those 
locations where sand is mixed with the silt. The silt (Fig. 16) is found in 
small quantities ranging from to 15% of the total sediment fraction. The 
presence of the silt must be linked to the presence of tke sand and the ex- 
planation for its pocket-like locations is as noted above. 

Fevcenfxxge of clay in surfiaial sediments 

Clay (Fig. 17) is found in percentages of generally less than 5% for the 
inner survey grid. The presence of clay-sized sediment in this active inner 
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FIGURE 16. Percentage of silt in the surficial sediments. Inner 
survey area. Dots indicate sampling stations. 




FIGURE 17. Percentage of clay in the surficial sediments. Inner 
survey area. Dots indicate sampling stations. 
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survey area should not be expected in large quantities, because If disturbed 
it would be lost from the area and transported into deeper waters. The presence 
of the clay-sized particles in what can be protected valley-like depressions 
is, however, plausible. 

Mean grain size diameter of suvficial sediments and the standard deviation of 
the mean grain size 

The mean grain size diameters found for the inner survey grid are shown in 
Figure 18. The distribution ranges from a -1.0 to 3.0 phi units. These size 
units make the mean for the entire area fall entirely within the sand range. 
This mean size range is the reflection of the large percentage of sand found in 
this area. The influence that the silt fractions and the gravel fractions play 
on the mean grain size are obvious from the patchiness of the mean grain size 
contovrs. Where gravel or silt were present the phi units were smaller and 
larger respectively. The contours for the mean grain size clearly indicate 
that the predominant sand present in the area is a fine to medium sand inter- 
spersed with gravel and silt pockets. 

The standard deviation of the mean grain size (Fig. 19) has a range of from 
1.0 to 2.0 phi units, indicating that for most of the samples the sorting in 
this survey area is moderate. Only in those locations which showed slltr and 
clay does the sorting become poor. It is noteworthy that the sorting does not 
simply become poorer as one goes away from the shore, but that Instead the 
sorting reflects the sand percentage contours interlaced with the silt and clay 
contours. For the nearshore processes that are at work in the nearshore zone, 
this seems a more reasonable pattern than the generalization that too often 
crops up — that as one goes lakeward or offshore the sorting becomes poorer. 
That statement may be valid if one averages out the inshore anomalies, but cer- 
tainly It is not valid when one considers the inshore zone as a single unit. 
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FIGOtX 18. Mean gs«ln si*« dlaaetcrs of- surficlal sediments. latter 
mawy area. Dots indicate sampling stations. 




FIQBKE 19. Standard devlatloB of the mean grain size diaaetar*. 
Inner survey area. Dots indicate sampling stations. 
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SEDIMENT DISTRIBUTION ALONG TRANSECTS 

The discussion on the distribution of the sediments to this point has been 
centered on the percentage distribution and averages for the entire study area. 
Of interest and importance also is the distribution of the sediment along tran- 
sect profiles. For this discussion the 17 transects that extend to about 7 
miles from shore will be used. 

In Figure 20, the depth, the mean of the sample collected at the given 
depth, and the standard deviation of the mean are plotted for each transect. 
The location of the transects is shown in Figure 3. 

In general, the expected occurs. The mean grain size of the sample de- 
creases lakeward and the standard deviation of the mean increases. The increase 
in the standard deviation shows poorer sorting of the sediment with depth and is 
generally associated with a larger range in particle sizes within a sample. 
The spread between the mean and the standard deviation of the mean increases 
lakeward; this too is interpreted as showing poorer sorting and greater particle 
size diversity than in the shallower stations. The divergence between the mean 
and the standard deviation starts to become most pronounced for most of the 
profiles at about 2 to 3 miles from shore. The profiles show the anomalies in 
the sediments as one goes lakeward. The sediments generally become finer lake- 
ward. However, that change is not uniform. Profile 2 clearly shows the location 
of the high-percent gravel area near Warren Dunes State Park, about 1 mile from 
shore. The profiles near the Cook Plant (Profiles 6 through 9) have a greater 
irregularity in the mean and standard deviation for stations to 2 miles from 
sliore than do other profiles. This irregularity is observed because of the 
closer spacing of the grid stations in the area about the plant, and gives 
further credence to the hypothesis that anomalies in sedimentation are present 
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FIGURE 20. Variation of depth, mean grain size and standard deviation with 
distance offshore for transects in southeastern Lake Michigan between St. Joseph- 
Benton Harbor and the southern edge of Warren Dunes State Park. 
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FIGURE 20 continued. 
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FIGURE 20 continued. 
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and can be observed only with sufficiently close spacing of the sampling grid. 
The irregularity in sediment distribution decreases lakeward, since the Increase 
in depth effectively reduces the influence of the major physical forces that 
influence the bottom, particularly waves and longshore currents. 

SURFICIAL SEDIMENT DEPTH ZONES 

It has been shown in the previous sections that the general character of 
the sediment in the survey area is a decreasing grain size diameter in the lake- 
ward direction. The decrease in grain size diameter is not uniform nor pre- 
dictable but rather exhibits local anomalies of finer materials in coarser areas 
and coarser materials in generally finer areas of sedimentation. The above is 
at best a generalization, and upon closer examination of the sediment data 
distinct depth zones become distinguishable. 

Table 4, a summary of the general character of the sediments in five depth 
strata, shows a marked difference in both the mean grain size and the standard 
deviation of the sediments found in depths greater than 24 m from those in 
depths less than 24 m. The five depth strata which were defined were: less 



TABLE 4. General statistics of the samples by depth range. The number of 
samples, depth range, mean of the samples, and standard deviations of the mean 
are given. 





Strata 


Depth range 




Number of 


Mean 


Standard deviation 




(m) 




samples 


(phi units) 


(ph 


i units) 


1 


less than 12 




35 


2.14 




0.80 


2 


12-18 




41 


2.37 




1.01 


3 


18-24 




43 


2.43 




1.33 


4 


24-30 




23 


3.99 




2.16 


5 


greater than 


30 


6 


3.70 




1.88 
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than 12 m, 12-18 m, 18-24 m, 24-30 m, and greater than 30 m. This strata 
division was chosen as the clearest zonation of sediments by mean grain size 
and standard deviations. Other depth ranges were investigated prior to the 
strata selected. The depth ranges of 3, 4., 5, 8 and 12 m were examined in 
addition to the strata selected, and all showed a marked division of the sedi- 
ments in this portion of the lake at about 24-m depth. 

Although an apparent break in the sediment is indicated by data in 
Table 4, it becomes clearer when one examines the plot of the mean grain size 
diameters of all samples against the depth at which the samples were taken 
(Fig. 21) . The break between sediments with mean grain size diameters of less 
than 3.0 phi and those with a greater-than~3.0 phi diameter occurs at about the 
24-m depth. The plot of the standard deviation of the means against the depth 
(Fig. 22) also shows that the division of the sediments occurs at about the 24-m 
depth. At that depth, the data set is divided into samples generally above and 
below a standard deviation of the mean of 1.8 phi. Figure 23, the plot of all 
the means against their respective standard deviations, clearly shows that two 
distinct clusters of sediments are present, those that have a standard deviation 
less than 1.8 phi and mean less than 3.0 phi and those greater than the latter. 
Although the data plotted in Figure 3 clearly show the division, Figures 21 and 
22 may leave some doubt as to exactly where the differentiation line should be 
drawn. Therefore we examined the data set for a possible transition zone 
between the two distinctly different depth regimes of sedimentation. The plot 
of the number of samples that occur for each of the means and standard devia- 
tions (Fig. 24) indicates in the standard deviation histogram that there is a 
zone present between the sediments of less than 1.8 phi standard deviation and 
those greater. This is represented by the node in the proximity of the 1.5 phi 
standard deviation. 
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stratum 1: Depth less than 12 m 

Of the samples found in stratum 1, all but one have a mean less than 3.0 
phi and all but one have a standard deviation less than 1.8 phi. Most of the 
samples in this strata have a standard deviation of less than 1.0 phi, indi- 
cating that the first stratum is moderately sorted and the mean of the samples 
falls within the broad category of sand. Figures 25 through 27 show the data 
for this stratum graphically. 

Stratum 2: Depth between 12-18 m 

This stratum exhibits the features of stratum 1 in that most of the points 
for this depth range fall below a mean of 3.0 phi and a standard deviation of 
1.8 phi. However, more data points fall above those limits in this stratum than 
in the previous stratum. This is not an unexpected event when one compares the 
manner in which the sediments show themselves on the surficial sediment maps 
where fine and coarse anomolies are found to occur. Figures 28 through 30 show 
the data from stratum 2 graphically. As in stratum 1, a single node exists for 
the standard deviation histogram. This node occurs between .6 and .9 phi units. 
The node in stratum 1 occurred between 0.6 and 0.75 phi. This upward shift in 
the node is interpreted as indicating a shift in the sorting of this depth 
range from moderate to poor sorting. The scatter of the points in stratum 2 is 
greater than that in stratum 1 (Figs. 29 and 30), but the samples are again 
clustered within narrow limits. 

Stratum 3: Depth between 18-24 m 

This depth stratum has been interpreted as a transition zone between the 
sediments found in water depths greater than 24 m and those in water less than 
24 m. This transition zone hypothesis is given support by the increased scatter 
of the sediment samples found in this stratum. Figure 31, rather than exhibiting 
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FIGURE 25. Number of samples in stratum 1 that occur for each of the means and standard 
deviations. Means and standard deviations In phi units. 



MEAN 
9.0000 



7.0000 



5.0000 



3.0000 



34 CASES FOR TlllS GRAPH 



1.0000 



-1.0000 






i \- 



1 1 ( ( 1 1 1 { K 

1.2000 2.4000 S7D.DEV. 

.60000 l.aOOO 3.0000 



FIGURE 26. Plot of the means vs standard deviations of the means In phi units of 
samples in stratum 1. 
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FIGURE 27. Plot of the means and standard deviations against 
depth (M) of samples in stratum 1. 
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FIGURE 28. Number of samples In stratum 2 that occur for each of the means and standard deviations. 
standard deviations in phi units. 
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FIGURE 29. Plot of the means vs standard deviation of the means in phi units of 

samples in stratum 2. 
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FIGURE 30. Plots of the means and stard deviations against 
depth (M) of samples in stratum 2 . 
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one node for the standard deviation histogram, exhibits several with one of 
the nodes occurring above 1.8 phi units. Figure 32, a plot of the mean of the 
samples against the standard deviation of the means, also shows a greater 
scatter for phis depth region than for the shallower stratum. We can consider 
this stratum to be a transition zone on the basis of the scatter of the data 
for this zone, but the placement of the boundary between the deeper and shallower 
stations can still occur at the upper bounds of this zone because for the most 
part the mean of the samples in this zone fall below 3.0 phi (Fig. 33) and also 
the standard deviations of the zone fall for the most part below the 1.8 phi 
units. 

Stratum 4: Depth between 24-30 m 

The previous strata showed that for the most part the means and standard 
deviations within each stratum fell below 3.0 and 1.8 phi respectively. This 
stratum clearly shows a shift of both the means and the standard deviations 
above those limits (Figs. 34 through 36) . The plot of the mean against stand- 
ard deviations of the mean shows the data points clustered above the inter- 
section of the 3.0-1.8 phi lines, with only three data points not meeting this 
criterion (Fig. 35). 

Stratum 5: Depth greater than 20 m 

The data for this stratum are shown graphically in Figures 37 through 39. 
There is a limitation to the interpretation of the data in this stratum, as 
the sample number is much smaller than for the other strata, however, the 
general conclusion reached about the break of the region studied into two 
sedimenL zones is upheld. The standard deviation of the means falls within the 
criterion, yet the means of the samples do not. The average mean of the samples 
and the average standard deviation of the means meet the established criterion. 
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FIGDRE 31. Number of saaples in stratum 3 that occur for each of the means and standard deviations, 
standard deviations in phi units. 
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FIGURE 32. Plot of the means vs standard deviation of the means in phi units of 
samples in stratum 3. 
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FIGURE 33. Plots of the means and standard deviations 
against depth (M) of samples in stratum 3. 
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FIGURE 34. Number of samples In stratum 4 that occur for each of the means and standard deviations, 
standard deviations in phi units. 
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FIGURE 35. Plot of the means vs standard delation of the means In phi units of 
samples In stratum 4. 
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P^IGURE 36. Plots of the means and standard deviations 
against depth (M) of samples in stratum 4. 
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FIGURE 37. Number of samples in stratum 5 that occur for each of the means and standard deviations, 
standard deviations in phi units. 
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FIGURE 38. Plot of the means vs standard deviation of the means in phi units of 
samples in stratum 5. 
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FIGURE 39. Plots of the means and standard deviations 
against depth (M) of samples in stratum 5. 
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Examination of the sample means and the standard deviation of the mean 
produces the general conclusion that the sediments in this portion of Lake 
Michigan can be divided into two sedimentation zones by the relationship of 
the means and depth and the standard deviation of the means with depth. The 
break in the two sedimentation zones occurs at about the 24-m depth contour. 
A transition zone between the two zones is present in the 18-24 m depth range, 
where the sediments show characteristics of both the deeper and shallower 
zones. 

CONCLUSIONS 

The character of the sediment in southeastern Lake Michigan in the 
vicinity of the Donald C. Cook Nuclear Power Plant proved to be much more 
diverse than previous studies had indicated. Sand is the dominant grain 
size material, with pockets of gravel and silt interspersed in the sand en- 
vironment. The distribution of the sediments within this area of Lake 
Michigan can be attributed to the influence of the nearshore processes and 
the bottom topography. This was found to be particularly true within the 
closely spaced inner grid about the plant. The spacing of transects was 
found to influence the sediment distribution pattern. More closely spaced 
transects with the same station spacing along the transects showed a more 
anomolous distribution pattern than did more widely spaced transects. It is 
concluded that a closely spaced grid is essential to determine the distribu- 
tion pattern within a small portion of the lake. Although in general there 
is a decrease in the mean grain size diameter with distance from shore and 
greater depths, this decrease is not a uniform one. Similar to the mean 
grain size diameter change, the sorting changes with depth and distance from 
shore. Again this change is not a uniform one and samples found in the same 
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depth and distance from shore showed marked differences in sorting, re- 
enforcing the conclusion of patchiness of the sedimentation within this 
region of the lake. 

The most important conclusion with regard to the sediment in the study 
area is that sedimentation appears to be occurring in two distinct depth 
regimes. The first depth regime is in water generally less than 24 m and the 
other is in depth greater than 24 m. The samples collected within the first 
depth zone generally were found to have mean grain size diameters of less than 
3.0 phi units and a standard deviation of the mean of less than 1.8 phi units. 
The samples in the depth regime greater than 24 m had the mean greater than 
3.0 phi and the standard deviation greater than 1.8 phi. 
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COOK PLANT (INNER SURVEY) SURFICIAL SEDIMENT CHEMISTRY 
Ronald Rossmann, Eric W. Olson and Donald A. Truman 

Abstract. In the inshore region of the Cook Nuclear Plant, 66 surficial sedi- 
ment stations were occupied. Results show that three sedimentary sinks are 
operative — carbonates, clay minerals, and iron compounds. Of these, the clay 
minerals appear to be the most important with respect to plant effluent uptake. 
As reflected by relatively high potassium concentrations, clay minerals are 
present near the intake-discharge of the plant, north of the plant, and south 
of the plant. These areas will require careful monitoring for possible con- 
centration of plant effluents. The role of carbonates in effluent uptake is 
uncertain at the present time. 



INTRODUCTION 

With an increasing awareness of the deleterious environmental changes per- 
petrated by man, numerous individuals have expressed concern about the impact 
of nuclear power plants on the Great Lakes. The Cook Plant is one such gener- 
ating station under construction. It is located on the southeastern shore of 
Lake Michigan (Fig. 1). 

One anxiety is the fate of radioactive and non-radioactive chemical dis- 
charges to Lake Michigan. These discharges may behave in two ways. They may 
simply be diluted by lake water and add to the solute load of the lake, or 
they may be removed from solution by precipitation, biologic uptake, and/or ad- 
sorption processes. Any of these processes may result in concentration of an 
element. Those elements concentrated by biological processes will eventually be 
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FIGURE 1. Location of the Donald C. Cook Nuclear 
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Incorporated into the sediment when the organism dies. Elements adsorbed will 
suffer the fate of the particles adsorbing them. Possible materials found at 
the Cook Plant that are capable of adsorption are clay minerals, organic matter, 
carbonates, and f erromanganese oxides. 

In order to predict the destiny of radioactive and stable element effluents 
released to Lake Michigan by the Cook Plant, to delineate areas where possible 
concentration of effluents may occur, to establish baseline data, and to dis- 
cover and describe other near-site major sources of effluents, a comprehensive 
chemical study of the Cook Plant site has been undertaken. This study includes 
surficlal sediments, lake water, interstitial water, and particulate matter 
analyses. Sampling and analysis of the last three will begin April 1974. 

Surficlal sediment analysis began with sample collection during September 
and October of 1973. The 158 stations occupied are divided into two groups. 
The general stations were sampled using a 1.6 km grid and the inshore stations 
(inner survey) using a modified 0.4 km grid. This report concerns the results 
of analyses of the 66 inshore stations (Fig. 2). 

METHODS 

Samples were collected using a Ponar grab sampler. Subsamples for chemical 
analysis, grain size analysis, and electrode measurements were removed from the 
top 2-3 cm of the grab samples. By inserting the electrodes and a thermometer 
directly into the sediment, field measurements of Eh, pH, and temperature were 
made on the samples Immediately after collection. All pH measurements were 
made using a rugged pH electrode and a calomel fiber junction saturated 
potassium chloride reference electrode. Standardization for the measurements 
was accomplished using commercially available pH buffer solutions. Eh 
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FIGURE 2. Location of inshore surflcial sediment stations. 
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measurements made use of the same reference electrode and a platinum inlay 
electrode. Standardization was against Zobell's solution (Zobell 1946). Tem- 
perature measurements were made with a standard glass laboratory thermometer. 
After texture and color were noted, the sediment was stored in polyethylene 
bags for laboratory analysis. 

In the laboratory, the samples were oven dried at 110°C and ground using 
a mixer mill. Two-gram ground samples for major, minor, and trace element 
analyses were extracted in a 10% hydrochloric acid-30% hydrogen peroxide 
solution kept hot (near boiling) for a period of 40 hr. The extract was 
separated from the insoluble residue by filtration through fritted glass 
funnels. The residue was then dried and weighed to obtain weight percent 
insoluble. The filtered extract was brought to volume in a 50 ml volumetric 
flask and stored in polyethylene bottles. Analyses for calcium, magnesium, 
sodium, potassium, manganese, iron, copper, cobalt, nickel, molybdenum, 
chromium, and zinc were done by standard atomic absorption spectrophotometry 
techniques (Perkin Elmer 1968). Barium, strontium, and total phosphorous 
analyses will be completed at a later date. 

Total carbon analyses were done on oven dried (110°C) ground samples 
gasometrlcally by hydroxide absorption using a LECO carbon analyzer. Inorganic 
carbon was measured using a modification of the LECO carbon analyzer system 
whereby the sample is reacted with hot 2N hydrochloric acid (Kolpack and Bell 
1968) . Organic carbon is considered to be equal to total carbon minus in- 
organic carbon. 
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RESULTS 

The area of study has a bottom topography which gently slopes offshore 
(Fig. 3). In general, the sediments are sands which progressively become more 
silty offshore. Chemical and physical data for each station are listed in 
Table 1. Table 2 lists average elemental concentrations and their ranges. 
The zinc value for station UM-SCHEM-73-51 is very high. This may be the result 
of either sample contamination or subsampling problems. 

Areal distributions of each element are portrayed in Figures 4-18. In 
some instances, "bull's-eye" high concentration areas exist which are dependent 
upon one station. Elements with such highs are zinc, nickel, sodium, magnesium 
and calcium (lower left of figures) and nickel and copper (right and perhaps 
lower right of figures). Since these may or may not be representative, these 
highs should be viewed with caution. 

The manganese distribution is particularly interesting. We believe 
manganese is concentrated in the surficial flocculent material, making its 
distribution particularly subject to local currents. The vast area of low 
manganese offshore of the plant site indicates a possible disturbance of the 
floe by pumping and/or construction activities. Later studies are needed to 
confirm or deny this observation. 

DISCUSSION 

Three major classes of sediment types are important to trace element dis- 
tributions in the nearshore (less than 4200 m offshore) area of the Cook 
Plant — carbonates, clay minerals, and f erromanganese compounds. Carbonates 
include limestone and dolostone (Callender 1969). These are most strongly 
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FIGURE 3. Bottom topography of the inshore region of the Cook Plant, 
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TABLE 2. Average elemental concentrations for Cook Plant (Inner Survey) 
surficial sediments. 



Element 


Mean'^ 


Standard Deviation^ 


Range^ 


Ca 




2.09 


1.19 


0.273 


- 7.20 


Mg 




1.01 


0.59 


0.0 (tr.) 


- 4.71 


Fe 




1.02 


0.85 


0.141 


- 5.15 


Mn 




0.0124 


0.0089 


0.000733 


- 0,0364 


Na 




0.0241 


0.0058 


0.0103 


- 0.0568 


K 




0.0928 


0.0435 


0.0370 


- 0.248 


Co 




0.000437 


0.000199 


0.00014 5 


- 0.000980 


Cr 




0.00134 


0.000805 


0.000285 


- 0.00550 


Cu 




0.000320 


0.000287 


0.00032 


- 0.00160 


Mo 




0.000153 


0.000199 


0.02 


- 0.000782 


Ni 




0.000758 


0.000352 


0.000242 


- 0.00204 


Zn 




0.00306 


0.00148 


0.00116 


- 0.00787 


Total Carbon 


1.22 


0.85 


0.19 


- 5.35 


Inorganic 


Carbon 


0.94 


0.72 


0.03 


- 4.27 


Organic 


Carbon 


0.31 


0.37 


0.0 


- 2.37 



■^Weight percent of total sample. 
^0.0 = means undetectable. 
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FIGURE 4. Areal distribution of calcium in the inshore region of the 
Cook Plant. 
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FIGURE 5. Areal distribution of magnesium in the inshore region of 
the Cook Plant. 



446 




COOK 

COOK PLANT (INNE;R SURVEY) 
IRON 

CONTOUR INTERVAL SmO*'WT.% 



50Q IP(j ( 



Malwi 



FIGURE 6. Areal distribution of iron in the inshore region of the 
Cook Plant. 
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FIGURE 7. Areal distribution of manganese in the inshore region of 
the Cook Plant. 
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FIGURE 8. Areal distribution of sodium in the inshore region of the 
Cook Plant. 
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FIGURE 9. Areal distribution of potassium in the inshore region of 
the Cook Plant. 



450 




COOK 

COOK PLANT (INNER SURVEY) 
COBALT 

COMTOOR INTERVAl. I«I0'*WT. % 



5 00 100 

i:^ ' — It—] ■ " I 



FIGURE 10. Areal distribution of cobalt in the inshore region of the 
Cook Plant. 
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FIGURE 11. Areal distribution of chromium in the inshore region of 
the Cook Plant. 
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FIGURE 12. Areal distribution of copper In the inshore region of the 
Cook Plant. 
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FIGURE 13. Areal distribution of molybdenum in the inshore region of 
the Cook Plant. 
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FIGURE 14. Areal distribution of nickel in the insho 
Cook I'lant. 
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FIGURE 15. Areal distribution of zinc in the inshore region of the 
Cook Plant. 
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FIGURE 16. Areal distribution of total carbon in the inshore region 
of the Cook Plant. 
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FIGURE 17. Areal distribution of inorganic carbon in the inshore 
region of the Cook Plant. 
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FIGURE 18. Areal distribution of organic carbon in the inshore region 
of the Cook Plant. 
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associated with areas of relatively high silt concentration. Since the silt 
concentration contours align with the depth contours and highest silt concen- 
trations appear in areas with a relatively low angle of slope, the carbonates 
are believed detrital. They are most likely derived from the bluffs along- 
shore and redistributed by local water currents. Being detrital and chemically 
unreactive in the inshore environment, they most likely will have little effect 
on plant effluents. However, laboratory studies are required to determine 
possible uptake reactions. This carbonate sink is outlined by areas having 
high calcium, magnesium, and inorganic carbon concentrations. 

Clay minerals which are present in Lake Michigan sediments are chlorite, 
"illite," mixed layer, kaolinite, and montmorillonite (C. J. Bowser and K. A. 
Johansen, personal communications). These clay minerals generally have a 
negative surface charge and undergo ion exchange reactions (Carroll 1959) . 
Because of their negative charge, cations are removed from solution. This 
process is continually taking place. Unlike the detrital carbonates, the 
clays are capable of removing trace elements from solution discharged by the 
plant. One ion other than calcium and magnesium which takes place in cation 
exchange reactions is potassium (Carroll 1959). Hence, potassium is a good 
indicator of the clay mineral sedimentary sink. 

Ferromanganese compounds found in Lake Michigan include various X-ray 
amorphous materials, goethite, psilomelane, birnessite, todorokite, and 
rhodochrosite (Rossmann 1973) . Since manganese compounds are nearly non- 
existent in the inshore area, only goethite and X-ray amorphous hydrated 
ferric hydroxides are of major importance. These materials are known to 
adsorb anions (Rossmann, Callender and Bowser 1972). The logical indicator 
for this sink is iron. 
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Within the boundaries of the survey, various elements behave in a similar 
manner. In order to become aware of all of these relationships, a correlation 
coefficient matrix was calculated (perfect correlation + 1.0). Table 3 lists 
the matrix. Those variables which do not exhibit a strong direct or Inverse 
relationship with any of the other variables are organic carbon, pH, and depth. 
From this matrix and factor analysis, the elements associated with the carbonate 
sink are calcium, magnesium, sodium, cobalt, chromium, nickel, zinc, total carbon, 
and inorganic carbon; with the clay minerals are potassium, cobalt, copper, 
nickel, and zinc; and with iron compounds are iron and chromium. Though cobalt 
is associated with manganese, the manganese sink is relatively inoperative and 
of little importance in the inshore region,, The reason for this is manganese 
compounds and clay minerals are both competing for the same cations. Though 
manganese oxides are stronger adsorbers of cations, they have little control 
on the distribution of cations. Manganese oxides are not abundant and thus 
cannot compete with the more abundant clay minerals for the bulk of cations 
available for uptake. 

CONCLUSION AND RECOMMENDATIONS 

Clay minerals appear to be the most important active reservoir for the 
uptake of trace materials in the inshore region of the Cook Plant. This may 
or may not be true for offshore areas. Materials released by the plant will 
most likely concentrate in inshore areas of high clay mineral content (areas 
of high potassium). However, the role of carbonates with respect to trace 
element adsorption is unknown for this area. Laboratory studies will be re- 
quired t:o assess the relative importance of the carbonates and clay minerals. 
Because of possible physical disruption of surficial sediments both past and 
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future (evidenced by the manganese areal distribution) , we recommend that 
another inner survey be made after continuous pumping has commenced. At this 
time, we recommend that the areas of high potassium (clay minerals) be monitored 
most closely for both radioactive and non-radioactive materials released by the 
plant. Further data may require rejection of this current recommendation. 
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UNDERWATER OPERATIONS IN SOUTHEASTERN LAKE MICHIGAN 
NEAR THE DONALD C. COOK POWER PLANT DURING 1973 

John A. Dorr III 



Abstract. Underwater operations in the vicinity of the Donald C. Cook Nuclear 
Plant were started in 1973. These underwater surveys produced results that 
have prompted the continuation of this visual observation program, since they 
permit a correlation to be made between mechanical sampling of the area and 
actual man collected and man inspected samples. The program to be under- 
taken in 1974 is summarized and the areas of concentration of visual obser- 
vations are given. 

INTRODUCTION 

Underwater operations were conducted in the vicinity of the Donald C. 
Cook Nuclear Plant during three months in 1973. A total of eleven dives to 
collect scientific data were made on June 17-18, August 10, 15-16, and 
September 21. 

Open circuit SCUBA was used for all dives, with a 16-foot Boston Whaler 
functioning as the support vessel. Inclement weather and limited visibility 
hampered the diving operations. Underwater times ranged from 15 to 71 minutes 
per dive. The data obtained were either written on underwater tablets or 
committed to memory and transcribed on the surface. Underwater operations 
serve the primary function of providing visual observations made by members 
of the research team, of areas usually sampled by mechanical means. The 
program of observations in this formative period was conducted on an informal 
basis, with one or two organized experiments included. The organized exper- 
iments proved that visual observations are useful, and a more detailed 
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underwater survey operation is being conducted in 1974 as outlined in the 
summary of this paper, 

RESULTS AND DISCUSSION 

The 1973 season marked the inception of the underwater survey program 
and, as noted, problems of weather, equipment and timing resulted in rela- 
tively few dives. However, the program produced substantive results, and 
these results are summarized as follows: 

Date 17 June Dive No. 1 

Location South discharge structure 

Depth 18-22 f t- 

Team John Dorr, Tim Miller, Susan Williams, Tom Bottrell 

Time 1403-1430 hrs. (27 min.) 

Observations 

Horizontal visibility at working depth was 2-3 ft. Temperature was a constant 
18° C. Slight current from the south. 

Heavy accumulations of tree limbs and roots, pipe and other steel scrap were 
covering the bottom adjacent to the north and west sides of the structure. 
Debris accumulation was lighter on the east and south sides. Bottom consisted 
of 6-12 inch riprap. 

Random clumps of 1-inch high Cladophora were growing on the top of the 
structure. A light periphyton growth covered the structure and the surround- 
ing riprap. 

Two 6-inch yellow perch and 10-15 johnny darters were observed. 

No rooted macrophytes were observed. 

******** 

Date 17 June 1973 Dive No. 2 

Location South intake crib 

Depth 15-30 ft 

Team John Dorr, Tim Miller, Tom Bottrell, Susan Williams 

Time 1505-1540 hrs. (35 min.) 
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Observations 

Horizontal visibility at working depth was 6-8 ft. Temperature was a constant 
18°C. Slight current from the south. 

The bottom was composed of 6-12 Inch riprap, lightly covered with silt. No large 
accumulations of debris were observed. 

All surfaces of the crib structure supported periphyton growth. Growth was most 
luxurient on the more protected areas of the structure. The top of the structure 
was covered by a mat of Cladophor'a 111 - 1-1/2 Inches high, samples of which 
were collected and later examined in the laboratory. Some silt was mixed into 

the Cladophova. 

Nine yellow perch (10-13 inch size class) were seen swimming randomly about the 
structure. Ten adult sculpins and 10-15 johnny darters were observed in the 

riprap. 

****** 

Date 17 June 1973 Dive No. 3 

Location South intake crib 

Depth 15-30 ft. 

Team John Dorr, Susan Williams, Tom Bottrell 

Time 2114-2225 hrs. (71 min.) 

Observations 

Horizontal visibility at working depth (with underwater lights) was 4-6 ft. 
Temperature was a constant 18.5°C. Current was estimated at 0.5 knots from the 
south. 

Dive time was divided equally between the base and the top of the crib. At the 
base of the structure 60-75 six-to-ten inch and 15-20 ten-to-fourteen inch 
yellow perch were observed swimming randomly and resting in a head down position 
in the riprap. Trout-perch, sculpins, johnny darters and several crayfish were 
also seen on the riprap. 

Divers were on top of the crib approximately 30 minutes, and during that period 
saw 500-1000 spottail shiners swimming above and into the patches of 1-1/2 inch 
high Cladophora. Many of these fish appeared to be swollen (gravid), and when 
captured and squeezed they exuded eggs and milt. Several females were observed 
to deposit eggs into the Cladophora, but subsequent fertilization by males was 
not observed. Earlier during this dive, several yellow perch resting on the 
riprap were captured and squeezed, and they too exuded eggs and milt. 

Samples of the Cladophora were collected, ex.amined in the laboratory, and found 
to contain fish eggs of two distinct size (diameter) classes. When the diameters 
of eggs taken earlier that month from ripe spottails and perch were compared with 
these latest samples, the two size classes correlated closely. Alewife eggs 
(too small), sculpin and trout-perch eggs (too large) were ruled out as possibil- 
ities of being the species of eggs found in the Cladophora. Considering the 
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close size correlation, relative abundance of fish species, spawning times 
and the egg sizes of other species found in the area, it was concluded that 
the eggs found in the Cladophora had been deposited there by spot tail shiners 
and yellow perch. 

A total of five different species of fish were seen on this dive. The 
variety of species observed and the level of their activity during this 
period of nighttime observation was much higher than any period of daytime 
observation. Observations of fish may be summerized as follows: 



Species 
Spottail shiner 

Alewife 

Yellow perch 

Trout-perch 
Sculpin 



No. observed 

20-30 adults 
500-1000 

200 



60-75 (6-10") 
15-20 (10-14") 

40-60 
3-5 



Location 



Behavior 



bottom 7 ft random swimming 

top of structure schooling, spawning? 



throughout 
water column 

bottom 7 ft 
of water 



swimming randomly 



resting on riprap 
swimming randomly 



same as perch same as perch 

between riprap not swimming, 
solitary 



A A ;% A A A A 



Date 

Location 

Depth 

Team 
Time 



18 June 1973 Dive No. 4 

Lake Michigan off ¥arren Dunes State Park 

25-35 ft. 

John Dorr, Tom Bottrell 

1817-1916 hrs. (59 min.) 



Observations 

Horizontal visibility at working depth was 6-^8 ft. Temperature was a con- 
stant 18° C. Current from south estimated to be less than 0.5 knot. 

The dive consisted of rectangular transect swim with the rectangle oriented 
lengthwise in a north-south direction. The shore side of the transect was 
swum at the 25-ft. contour (water depth), and the lake side swum at the 35-ft. 
contour. 



The bottom consisted of well sorted sand overlain with a fine layer of silt. 
One- inch high ripple marks were running from the southwest. No rooted -macro- 
phytes or debris of any sort were observed. 



Ten live and one dead alewife were counted during the dive, 
clam shells (Sphaeriidae) were counted. 



Ten fingernail 
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In general, the area surveyed on this dive was the most "biologically barren" 
of any observed. The bottom was quite uniform and diversity of observed 
fauna very low. 



****** 



Date 10 August 1973 Dive No. 5 

Location South intake crib 

Depth 15-35 ft. 

Team John Dorr, Tim Miller, Bruce Higgins 

Time 1128-1202 hrs. (34 min.) 

Horizontal visibility at working depth was 15 ft. This was the highest 
visibility encountered on any dive. Temperature was a constant 21°C. No 
noticeable current. 

The bottom surrounding crib consisted of 6-12 inch riprap, covered with a 
light accumulation of silt. Patchy accumulations of organic debris were 
observed on both riprap and sandy areas of the bottom. No rooted macro- 
phy tes were observed . 

The top of the crib was covered with Cladophora 1-1/2 inches high, coated 
with a thin layer of silt. Periphyton grew in varying densities on all 
examined surfaces of the crib. 

For the first time, a population of the aquatic snail (Physa Integra) was 
noted to be inhabiting the riprap. A rough estimate of the density of 
organisms was 3-5 snails per m2. Size of the snails ranged from 0.5-1.0 cm. 
A few crayfish were seen in the riprap. 

Several schools of alewife fry (1 - 1-1/2 inch size class) were observed 

on the side east of the crib. Johnny darters and sculpins were noted in the 

riprap,. 

The crib and surrounding riprap area had evidently remained undisturbed for 
several weeks prior to this dive, which might explain the increase in 
fauna observed compared to previous dives in the area. 

******** 

Date 15 August 1973 Dive No. 6 

Location South intake crib 

Depth 15-35 ft. 

Team John Dorr, Susan Williams, Bruce Higgins 

Time 1723-1803 hrs. (40 min.) 

Observations 

Horizontal visibility at working depth was 4 ft. Surface water temperature 
21°C, bottom temperature ll'C. Current was from the south at approximately 
1 kno t . 
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A sharp thermal interface was encountered at 15 ft, which had not been 
present on previous dives. The interface was probably created by settling 
conditions J following a storm (and accompanying upwelling) which occurred 
several days prior to the dive, 

Cladophora growth on the structure was patchy and more luxurient at the top 
edges of the crib than in the center of the crib top. Samples of Cladophora 
were found to be covered with periphyton, predominately Cymbetla sp., 
Gomphonewa sp» and Cooooneis sp. There was an unusually heavy layer of silt 
on top of the crib, probably a result of the recent storm turbulence. The 
silt consisted primarily of dead diatoms. 

No fish were observed. The riprap surrounding the base of the crib was not 

examined due to low visibility. 

* A 'A * * * 

Date 16 August 1973 Dive No. 7 

Location South Discharge structure 

Depth 20-30 ft. 

Team John Dorr 5 Susan Williams, Bruce Higgins 

Time 1103--1213 hrs. (70 min.) 

Observations 

Horizontal visibility at working depth was 6-7 ft. Water temperature was 
21°C5 with occasional pockets of 18°C water near the bottom. No noticeable 
current. 

Riprap sise ranged from 3-36 inches in diameter. Evidence indicated that 
dumping, dredging or other disruptive operations had recently taken place 
in the area. 

A few sculplns aad 4 johnny darters were seen in the riprap. Several rhizomes 
from dune grass debris were collected 5 and upon later examination snail and 
chironomid eggs were found attached to some of them. 

Both this structure and the intake structure examined on the previous day 
were quite "biologically barren."* This condition was probably the result 
of heavy construction operations which had recently been taking place in 
both areas, resulting in heavy silting and habitat disturbance. 

Date 21 September 1973 Dive No. 8 

Location South intake crib 

Depth 14-30 ft. 

Team John Dorr^ Susan Williams 

Time 1055-1205 hrs. (70 min.) 



* "biologically barren" is defined here as a distinct lack of observable macro- 
scopic flora or fauna. 
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Observations 

Horizontal visibility at working depth was 4 ft. Temperature was a constant 
13.5°C. No noticeable current. 

The bottom surrounding the structure was composed of 3-8 inch riprap. North 
of the structure the riprap was silty and covered with CladophoTa 1-1/2 inches 
high. This covering would indicate that the bottom in this area had remained 
undisturbed for a period of time. 

An effort was made to determine the density of snails (Physa integva) and 
sculpins on the riprap surrounding the intake structure. One transect 1 m 
wide and 9 m long was swum at each of three compass points (N,E,S). The 
transects began at the base of the crib and proceeded outward perpendicular 
to it. A count was taken of the number of snails and sculpins observed, and 
later a density index was calculated. 

Transect (compass point) 

Area of transect (m^) 

Snail count 

Snail density (No./m^) 

Sculpin count 

Sculpin density (No./m^) 

Bottom type 

Snails and sculpins were observed in numbers only in the area (north transect) 
where the riprap appeared to have remained undisturbed for a period of time. 
Sandy or clean riprap areas were quite barren. Snail size averaged 3-5 mm 
with a few specimens ranging up to 25 mm in length. 

Samples of silt were taken from the top of the crib and found to contain the 
following diatomaceous growth: Melosi-ra sp., Fragilaria arotonensi-s ^ 
Tabellai'ia fenestrata^ Nav-iaula sp., Cymbella sp. , Cyolotella sp., Stephano- 
di-sous minutus and small quantities of Saenedesmus quadriaauda and Saenedes- 
mus dimorphus (green algae) . 

In general, algae and periphyton growth on the structure appeared to be more 
limited in the vertical plane than in the horizontal plane. 

******* 

Date 21 September 1973 Dive No. 9 

Location South discharge structure 

Depth 20-30 ft. 

Team John Dorr, Susan Williams 

Time 1320-1425 hrs. (65 min.) 

Observations 

Horizontal visibility at working depth was 3 ft. Temperature was a constant 



13.5°C, No noticeable current. 

The bottom consisted of riprap with diameters ranging from several inches to 
three feet. Most of the riprap was silt covered and appeared to have remained 
undisturbed for possibly several weeks. Several 3-4 ft^ areas of scour cloth 
were exposed in the vicinity of the structure. The orientation of these 
exposed areas in relation to the structures was not determined. 

Several isolated pockets of organic debris were seen, but no rooted macro- 
phytes were observed. 

One transect 2 m wide and 30 m long was swum between the north and south dis- 
charge structures. Counts for crayfish seen along the transect were to be 
made, however no crayfish were seen. The only organism observed during the 
entire dive was one snail (Physa -integva) , The low abundance of observable 
organisms may have been caused by heavy silting or other disturbances 
created from nearby operations laying scour cloth. 

Samples of the riprap in the area of the transect swim were retained for 
laboratory examination. They were found to be covered with a light growth 
of Cladophopa_, which in turn supported a periphyton growth composed primarily 
of Coaconeis sp., Gomphonema sp. and Synedra sp. A hydra colony was found 
growing on one of the samples of riprap. 

******* 

Date 21 September 1973 Dive No. 10 

Location North control station 

Depth 22 ft. 

Team John Dorr, Susan Williams 

Time 1630-1700 hrs. (30 min.) 

Observations 

Horizontal visibility at working depth was 5 ft. Temperature was a constant 
13.5°C. No noticeable current. 

The station begins opposite the north range pole halfway between the Intake 
and discharge structures, and proceeds north along the bottom. 

Observed strongly developed sjrmmetric ripple marks running from the northwest. 
Ripple marks measured 7 inches high and 24 inches crest-to-crest. Troughs 
were cut at 90 angle by fine ripple marks coming from the southwest. Heavy 
northwest swells had been coming in for a period of several days prior to 
this dive. The morning of this dive there had been a wind shift, and a 
light chop was coming from the southwest. Observed ripple marks were most 
likely generated as a result of these surface conditions. 

Crests of the large ripple marks consisted of light colored, well sorted sand. 
Troughs consisted of darker finer sediment, not as well sorted, and containing 
some pebbles, bits of organic debris and snail shells. 
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One johnny darter was observed. Several empty shells of an aquatic snail 
(Gonioabasis sp. or Pleuroaera sp,) were collected, along with several empty 
fingernail clam {Sphaeriidae ) shells. No live molluscs were observed. 

Area surveyed was free of debris and appeared to be biologically barren. 

A * * A A A * 



Date 

Location 

Depth 

Team 

Time 



21 September 1973 Dive No. 11 
South control station 

22 ft 

John Dorr, Susan Williams 
1715-1730 hrs. (15 mln. ) 



Horizontal visibility at working depth was 5 ft. Temperature was a constant 
13.5°C. No noticeable current. 

The station begins opposite the south range pole halfway between the intake 
and discharge structures, and proceeds south along the bottom. 

Strong ripple mark development observed at the north control station was not 
evident at this location. Some asymmetric weakly developed ripple marks 
running from the west were observed. The riprap may have prevented ripple 
mark formation from the northwest, by disrupting the effect of the currents 
on the bottom. 

No fish,, molluscs, other invertebrates or fauna of any type (living or dead) 
were observed. Bottom was very clean, with little or no debris encountered. 



SUMMARY OF OBSERVATIONS, 1973 
The following species of fish have been observed by divers in the vicinity 
of the Cook Plant: 



Intake structures 



Discharge structures - 



Control stations 



Spot tail shiner 

Alewife 

Yellow perch 

Trout-perch 

Sculpin (possibly mottled and/or slimy) 

Johnny darter 

Yellow perch 

Sculpin (possibly mottled and/or slimy) 

Johnny darter 

Johnny darter 
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2. Snails were observed at intake and discharge structures (Physa inteqra) 
and at the north control station (empty shells of Gonioabasis sp. or 
Plenrooera sp,). Crayfish were seen only at intake structures. 
Fingernail clams (empty shells) were observed only at the control 
stations (sand or silt bottom). 

3. Rooted macrophytes were not observed on any occasion, 

4. Cladophora was observed to be growing on all stiructures examined. The 
density with which it grew varied, with the most luxurient growth on 
the horizontal surfaces facing upward and directly exposed to sunlight. 

5. Periphyton grew in varying densities on the surfaces of all objects 
examined. Samples included; Cladophora sp. (attached filamentous green 
algae); Cyrrbella sp.^ Gomphonema sp. and Cocaoneis sp, (attached diatom); 
Melosira sp.^ Fvagilaria arotonensis and Tdbellavia fsnestrata (plank- 
tonic diatom); Nam-aula sp« and Synedra sp. (attached or planktonic) ; 
Cyototella sp. and Sephanodis aus minutus- (planktonic diatom) ; Scene dssmus 
quadTVcaiida and 5. dimorphus (colonial planktonic green algae) . 

6. Dredging s, riprap dumping and other construction activity immediately de- 
creased fatmal abundance and diversity. This decrease in abundance and 
diversity was probably caused by the turbidity and habitat disruption 
created during construction operations. Most likely , there is a stabi- 
lization interval between the end of habitat disruption and the estab- 
lishment of an Initial stage of ecological succession. The time length 
of this interval is not known ^ however j it may not be more than 1-A weeks 
during the warmer months . 

7. The discharge area had consistently lower levels of faunal abundance and 
diversity. This may have been the result of more frequent construction 
in this area. 

8. Biological activity and diversity was higher on the one night dive than on 
any day dive. 
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9. The control areas (north and south control stations, Warren Dunes) were 
more biologically barren than the riprap areas in terms of numbers of 
observed fish, macrobenthos , algae and organic debris. 
10. The riprap area appeared to disrupt ripple mark-forming water currents 

in areas immediately adjacent to the riprap area (i.e. the side downward 
from the direction of ripple mark formation) . 

1974 PROGRAM 

Problems affecting the 1973 diving operations were primarily related to 

the limited scope of operations and adverse environmental conditions . The 

1974 diving program has been expanded to include additional divers, more 

flexible equipment and a standard set of monthly observational dives. These 

monthly dives (April-November) will include day and night observations, and 

dives in the areas of the intake and discharge structures and at the control 

stations. Five to six dives per month are scheduled. Observations will 

include: 

1. Day-night differences in faunal diversity, abundance and activity. 

2. Comparison of the faunal diversity, abundance and activity in the 
areas of the intake structures, discharge structures and control 
stations. 

3. Observations for: Fish, fish eggs, fish larvae 

Crayfish, molluscs and other macrobenthos 
Rooted macrophytes 
Algae, periphyton 

Debris and decaying organic material 
Scour indications in the area of the discharge 
structures 

4. General visual analysis of the biological status of the area near 
the Cook Plant, and supplemental sampling operations. 
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